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ABSTRACT
This document is the annual report for the year 1964 of Contract
NAS 3- 1 1,125 for the "Evaluation of Fasteners and Fastener Materials for
Space Vehicles". The objectives we.e to characterize those fasteners and
materials most suitable at temperatures from -42.3°F (-253°C) to 1600°F
(871°C). I'he effort was accomplished in the following four phases:
Phase I	 - Survey
Phase II	 - Fastener Evaluation
Phase III	 - Standard Fastener Tests
Phase IV	 - Potential High Strength Fastener Materials,
Phase I determined the space vehicle industry's present and future
fastener requirements. The information obtains_-d in the survey included
present and future fastener materials, configurations,. application and design
criteria, testing and test methods, and fastener information and specifications.
As a result of the survey, twenty-one different classes of fasteners
were selected for evaluation in Phase II,
	 pie fasteners consisted of varia-
tions in tension and shear bolts, bl i nd bolts, structural rivets, and compan-
ion fasteners fabricated from within the specified base alloys of iron, nickc-1,
titanium, and aluminum. The fasteners were te-t-ted to determine the follovu-
ing properties or exposure effects. tensile, shear, stress rupture, stress
relaxation, nut reusability, nut vibration, corrosion resistance, effects of
thermal cycling, and the effects of relaxation on mechanical properties.
Phase III is continuing; to determine the unique tests required to
characterize fasteners specifically for space vehicle applications.
Five alloys of iron, ,iickel, and titanium base were evaluated in
Phase IV. The alloys were selected from the results of the survey on the
basis of potential for high strength fastener applications, and expecta:it future
usage. The alloys selected were Ti lA1-8V-5Fe 9 18 per cent nickel marag-
ing; steel (Vasco Max 300), J-212, Inconel 718, and 25 her cent cold reduced
1Waspaloy.
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Th" results indicate that fasteners fabricated from c orrosion
resistant iron base alloys, nickel base alloys, and aluminum base alloy s
show definite suitability for space vi-hicle application from -4L3°F to their
respective maximum utilization temperatures, lron base and titanium batie
alloys have limited fastener application at :ryogeni c temperatures. Fastener
diameter has a significant detrimental effect on cryogenic properties. The
mechanical properties of fasteners and locking characteristics of nuts are not
affected by thermal cycling -it both extremes or by stress relaxation at
elev.cted temperatures. Corrosion resistance of fasteners and structural
materials is greatly enhanced by a coating of zinc chromate primer. The:
best criterion for determining_ a fastener's suitability for cryogenic applica-
tion is testing the fastener. Finally, the determination of susceptibility of
material to stress corrosion should be	 Jucted under conditions that closely
approximate actual usage. Charts 1 thru 7 suimmarize the results of tests
on the twenty one fastener combination classes.
Five alloys of iron, nickel, and titanium base were evaluated in
Phase IV. The alloys were selected by the NASA contracting officer's tech-
nical representative and consisted of Ti-lAl-8V-5Fe, 18 per cent nickel
maraging steel (Vasco Max 300), li-212, Inconel 718, and 25 per cent cold
reduced Waspaloy. The alloys were selected frorn the results of the survey
on the basis of potential for high strength fastener applications and expectant
future. usage.
The results indicate that tT -212, Inconel 718, and 25 per cent cold
reduced Waspaloy sho« definite promise for ipace vehicle fastener applica-
tions from -423°F to their maximum utilization temperatures. The 18 )er
cent nickel maraging steel co :id be used for limited tension applicatio ► s at
-423° F. Ti 185 would not be suitable for space vehicle --ryogenic applications
because it is brittle and notch sensitive at cryoge.r.ie  tFSmneratures. Furth -r
work in the areas of developing a heading and heat treat process for cold
reduced Waspaloy is required before this material can be utilized as a com-
plete fastener. The summarization of the data on these five lots of material
are shown in Charts 8 thru 11.
V'ork is continuing to determine the unique tests required to char-
acterize fasteners specifically for space vehicle applications. Tensile and
double shear tests at -423° F a.ld at room temperature after thermal cycling
at -423°F are completed. Tens iun- tens i^a-fatigue, tension impact and bend
tests a r c under way.
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SECTION II
PHTASE ; - SURVEY
A survey eras conducted to ascertain present and future require-
ments for fastener u`ilization in the space vehicle industry and to determine
which fasteners and which materials should be evaluated in the l.rugran;,.
The primary source of information was the aerubpace industry
comprising the NASA contractors and NASA installations shov,n in Table 1,
In addition, the fastener manufacturers shown in Table 2 ,were contacted
for information. The information sought fell into five major categories:
1, Materials, Fasteners, and Structures
2, Fastener Configurations
3, Application and Design Criteria
4, Testing and 'rest Methoas
5.	 Fastener Information and Specifications.
A. FASTENER MATERIALS - PRESENT USAGE
The present usage of fastener material falls into the categories of
aluminum, alloy steel, stainless steel, nickel base alloys, titanium, and
refractory alloys. Table 3 lists the present usage of fastenE.r materials.
1. Aluminum
r.luminum (particularly the 2000 series aluminum) is used
mainly in the fabrication of rivets with very few applications for
bolts. The universal and the semi-band rivet with swaged col-
lars are used extensively in skins and oth(-;r sheet areas. Good
ductility and compatibility with structure;, are the chief assets
of alum' -'im,
2,	 Alloy Steel
The use of alloy c±eel is wide and varied; exc-pt for use in the
semi-blind point drive bolts, quantities of any -pecific material
are small. Habit ana reiu^-tance to change seem to prescribe
the large use of 1100 and 4000 seri e s materials at moderate
stress levels. However, loading factors are on the increase and
resultant higher strength requirements are forcing greater
consideration of higher strength fasteners, Generally though,
the regular alloy steels P-7e not included in these considerations,
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TABLE I
NASA CONTRACTORS AND INSTALLATIONS
1. Grumman Aircraft Engineering Corp. , Bethpage, New York
2, F;epublic Aviation Corp. , Farmingdale, New York
3, :Martin-lvlari::eta Corp., Baltimore 3, Md.
4. Thiokol Chemical Corp., Elkton, Md.
5. General Electric Co. , Phila. , Pa.
6. Langley Research Center, Hampton, Va.
7. Goddard Space Flight Center, Greenbelt, Mc,.
8. Boeing Co. , Seattle, Nash.
9. North American Aviation, Canoga Park, Calif.
10. North _ n-ierican Aviation, Downey, Calif.
11. .Lockheed :vlissile & Space Co. , Sunnyvale, Calif.
	
i2.	 United Technology Corp. , Sunnyvale, Calif.
13. Cal Tech Jet Propulsion Lab, Pasadena, Calif.
14. Space Technology Labs, Redondo Beach, Calif.
15. Martin Marietta Corp. , Denver, Colo.
16. Lewis Research Center, Cleveland, Ohio
i 7. MlcDonnell Aircraft Corp. , St. Louis, Mo.
18. Pratt & Whitney Aircraft, 'Vest Palm Beach, Fla.
19. Boeing Co. , New Orleans, La.
20. Chrysler Corp. , New Orleans, La.
t
21. Marshall Space Flight Center, Huntsville, Ala,
22. General Dynamics, Astronautics, Sun Diego, Calif.
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TAT.', LF 2
FASTENER
.
 MANUFACTURERS SOLICI'T'ED
1. Briles Manufacturing Co,	 - E1 Segundo, California
2. Camcaf Screw Rz Manufacturing Co, 	 - Rockford,	 Illinois
3, Elastic Stop Nut Corp. of America	 - Union, N	 J.
4, I-1_	 M.	 harper Co.	 - Morton Grove, Illinois
5, Huf:r: Manufacturing `:c^,	 - Detroit,	 Mich.
6, Hi Shear Rivet Tool Co, 	 - Torrance,	 Calif.
7. ::aynar Manu 'acturing C..). 	 - Fullerton,	 Calif,
8. Lamion & Sessions Co, 	 - Cleveland, Ohio
°. Screw Corporation	 - City of Industry,	 Calif,
0, Tcwnsend C:ompan}
a,	 Boots Aircraft Nut Div, 	 - Norwalk, Conn,
b,	 Cherry Rivet Divi sic:	 - Santa Ana, Calif,
11, Standard Pressed Steel Uo.	 - Jenkinto^vn,	 Pa,
12. Valley Eolt Corporation	 - N.	 Hollywood, Calif,
13, Voi-Shan Manafacturing Co,	 -- Culver City, Calif,
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3, Stainless Steel
For cryogenic and moderate to high temperature applications,
corrosion environtnert5, critical impact and sonic vibrational
areas, the stainless steels of the 300 series, 17-4 PH, 15-7
Nio, and A -286 are used, 'I he A-286 alloy commands the most
usage,
4, Nickel Bast Alloys
With the exception of Waspaloy anct Monel which have exhibitec.
good cryogenic properties, most of the nickel base alloys are
being used for high temperature requirements up to approxi-
riately 1800 0 F, The applications are primarily for engines
and nearby structure and on re-entry vehicles on which expo-
sures are for a relatively short duration. Stress r •_ipture and
stress relaxation properties are the governing factor-c in the
select ; on of nickel base alloys.
5.	 I itanium Allo^•s
The use of titanium alloys is on the increase in some vehi:le
a pplications. The material offers the advantage of good strength-
to-density ratio, corrosion resistance, and low magnetic prop-
erties. At present, the primary interest is the Ti-6A1-4V alloy
thermal treated to 160 ksi. However, increasing interest has
been expressed in th- low interstitial alpha-beta ailoys and the
super alpha ;4.11oys for cryogenic and elevated temperature ap-
plications.
6, Refractory Alloys
The refractory alloys are primarily used in re-entry vehicles.
Except for molybdenum and columbium alloys for high tempera-
ture applications above ZOOU`F, there are very few other mater-
ials being utilized.
B. FASTENER MATERIALS - EXPECTED FUTURE USAGE
At present, there does not appear to be a great demand for new and
better fastener materials. Most people are thinki,^g in terms of presently
available materials with %%hich they have had some experience; whim others
expressed interest in upgraded materials that are Similar to present types.
Those m :terials which are being considered for future use are listed in
Table  4,
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1. Allov Steels
The only alloy steel given any consideration for future fastener
usage '.vas the 18 per cent nickel maraging steal. The number
of people considering this alloy were very few. In general, alloy
stee,. are not being considered for future applications.
2. Stainless Steels
Outside of U-212, high strength A-286 and several austenitic
stainless steej.t^, no other materials we re suggested in this
category by the people contacted as being significantly worthy
of development.
3. Nickel Base Alloys
Many nickel base alloys are being considered for future appli-
cation. These alloys include Waspaloy, R=±ne 41, Hastelloy ?t,
Inconel 718, and M-252. Applications for these materials en-
compass a wide range. First, there is the cryogenic area .vith
a need for high strength, above 200 ksi, with good toughness
and impact strength down to LH2 temperatures.
Corrosion resistance to fuels, oxidizers, high humidity, and
other atmospheres is an important characteristic of the nickel
base alloys.
4. Titanium Alloys
Titanium alloys have been accorded increased consideration for
future boosters, but some companies are not thinking beyond
presently available materials such as 6-4 and 4-4 alloys. How-
ever, the need is recognized for reliable titanium alloy fasteners
with higher usable strength and higher temperature performance.
5. Refractory Alloys
Future use of refractory alloys points to limited application for
molybd snum alloys, expanded application f ,.:;r columbium alloys,
and the additional use of tantalum base alloys. In each case,
the utilization of a specific alloy or alloy series is limited more
by tht state of the coating art than by structural considerations.
C. FAST ENER CONFIGURATIONS
Wh :re possible, most companies are using standard fasteners as
called out by AN, NAS, and MS drawings. Where standards do not exist in
the area of higher strength and higher quality fasteners, the companies are
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creating their own standards, or in some cases using the standards of fas-
tener manufacturers. Table 5 lists the present types of .asteners being
used.
D. APPLICATIONS AND DESIGN CRITERL-\
Information was obtained about application conditions and factors
which influence the selection of fasteners and the materials from which they
are :abricated. Such items were examined as types of loading experienced
by fasteners, environments which may affect fastener performance, torque
versus induced load concepts, preferred platings and lubricants, compati-
bility of fasteners with structural materials and installation and installation
problems.
Types of Loading
The majority of users indicated that the various fasteners in
their structures underwent combinations of all possible types
of loading. These consist of tension, shear, combination of
tension and shear, torsion shear, bending, static, dynamics,
impact, vibration, and "G'' loading. But very few o' the types
of loads are significant at any one time or place.
Shear is most prominent because design practices favor it.
Structures, skins, and attachments are designed in shear.
Tensio:i usually with bending was next in area of thrust struc-
tures, engine mounts, fins, bulkheads, pump flanges and in-
jector domes. In tension application most loading is static.
Dynamic and impact loads were at a minimum,
2. Environments
The two most significant environmental conditions to be con-
tended with today are all types of corrosive influences and
cryogenic influences.
The indicated problem areas of corrosion are:
a. Room and cryogenic corrosion because of fuels and
oxidizers,
b. FIigh humidity and salt atmosphere corrosion.
C. High temperature corrosion.
d. Stress corrosion
e. Galvanic corrosion.
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PRESENT FASTENER USAGE
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1144 '.1250 EWB type Standees Steel
I
1)CZ	 I I Special SITCr St—less Steel
Mar . n-Baltimore 3-ZC 220 - Z27 20004	 i F-WB 26
464	
I
I Mamn ZoD
679 Maran B
334
(
m." :n o
Martin I5
G. E. - Phi is. (.t./^ost all rmmiaturc
!
431 Sta-nle to Steel (100r. Phillip. Drier)	 Majority of apphc.
plate ntas) 20004(600/vehl ,rh-r, applicable	 are shear.sizes
1 Z91	 I Swage S,as	 Sizes are 1/4 amd
(	 l IC2 Cherry R:vets	 Delw.
A-286 M Lok Solt.
113(6001veh) Jo Bol.s (60001veh)
Milson	 10C iveh
Si­ Ind.. Labs 300 .ene.	 Ti" Undesignat.d STL1
500 set a•	 65 0	 (N.15 621)1`53 r. tiniaCSZe	
Size range beioMI
0-BO tc •IG
Urdeng-Atsd Huck bLrd rivets
Jo bolts (A-286 te'a;
Jet Propulston Lab 2004 (A-Z80 and 6-4) Donne Riirtr	 Size range - aZ to 114
(JPL dwg. 1 ! {b0 ksi] -200• temp.	 hrrut
21043 -_
Republic 3-ZO C 1132	 12170 [`nde	 .grated special. of Ti,
1133	 C3 Waspalcy, and Rene
1151	 to
1153	 r]Y
1154
McDonnell 560H 3M iii	 Approx.	 300 threaded fas-I
JA! 123	 teners per Asset vehicle.
Monel rivets
Marehall Space 4-16 11221	 1104-16	 1352 M, 624
Fli¢ht Center 509 DD 12230	 121 BC	 1352C 625
4-16 DD 1218	 12210	 1304 626
508 1586	 -r.. 611
4ZB-49B 1104	 13c1 I	 612
564-72 I35IC 613I	
614
General D- ­C./ ; 1451 	 11OZ	 1151 35-189	 :0500	 20601B	 H-11
Astronauhc. S09
4-1 7M
464	 1003	 1010
501	 671	 1351
2004	 ,to43	 Z4600B	 EW B-'2
1782o	 04268	 Zu601kfP	 Current fastener. ,ail 6- used to the future
135E	 1100	 1141 21042	 L0470DD	 --	 --
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Where feasible the first three problem areas have been reme-
died with A-286 and other stainless steels and nicke l base
alloys.
Cadmium plating between the A-286 and aluminum structure
appears to prevent galvanic and stress corrosion in most cases.
However, there are many specific problems in this .ield about
which there is very little knowledge.
The effects of cryogenic temperatures on fastener properties
are the second major environmental condition. Although con-
siderable fastener data has been generated at -100'F and some
at -320°F, very little fastener data at -423°F is available.
Therefore, tensile and shear testing at -423°F is clearly indi-
cated, with impact and fatigue tes:_ng needed as soon as pos-
sible.
Other environments that influence fastener selection are high
temperatures, cycling between temperature extremes, vacuum,
and radiation,
Elevated temperature problems are relatively straightforward
and considerable advancements have been accomplished in this
area..
Temperature cycling between temperature limits has not been
investigated to t.ny great extent but warrants definite investiga-
tion because f - steners do experience this condition both on the
ground, under fuel cycling conditions, and in space. However,
because there are very few applications involving cycling be-
tween cryogenic and elevated temperatures, stuc:ies should be
conducted by cycling from room to -423° F to room and from
room to maximum applicable temperature to room tempera-
ture. Ten cycles was a reasonable figure to start with on the
basis nf comments.
Vacuum and radiation properties are consi(?;.re-i of prime im-
portance by space vehicle builders. The vacuum environment
presents problems because many platings sublirnate and re-
deposit elsewhere, and those platings which do not sublimate do
not always provide sufficient corrosion protection or prevention
of galling between external and internal threaded fasteners.
Radiation was indicated as a potential fastener problem by only
three groups. At this point, it seems doubtful that anyone has
enough data on the problems connected with radiation and it has
been classified as a future area of study.
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Table 6 shows a unck2nsed summnary of the various loading
con6itions and cnvii onments eported by the users.
3._Ti^htcnin-
Survey information: on torque verSL,S induced load applications
indicate that a lack of information prevails in this area. Many
users refer to HIAD values for , enf ral conditions and ccnipany
or vendor generated data in the non critical areas. Table 7
gives a breakdown of preferences.
4.	 Platings, Coatings, and Lubricants
a..	 Platings and Coatings
The nunriber of protective finishes used in various space
vehicles is extensive. Table 8 illustrates this variation.
Cadmiun-,, the largos'- single item, is used in two areas.
One application is the conventional corrosion resistance
on alloy steel bolts for use up to 450° F, Speci^ications for
this type o f plating are usually QQ-P-416a (Type II) or
MIL-C-8837 (Type I). The other application is to prevent
galvanic corrosion on A-286 or other stainless steel bolts
and aluminum structures. Generally QQ-P-416a, Type
I or II is employed.
Diffused nickel-cadmium is used as a protective finish for
alloy steels for applications up to 900° F temperature.
3hIS 2416 specification co •:ers this type of plating.
Silver is primarily a lubricant for high te.nperature applica-
tions on corrosion resistant fasteners in steel and other
structures where galvanic corrosion is not a problem. It
is also used because it does not sublimate. The specification
is usually AMS 2410,
Gold and aluminum. are thermal control platings. In addi-
tion, gold is satisfactory where sublimation in vacuum is a
problem. Other co,tings such as Electrofilm are really
lubricants and provide minimal corrosion protection.
b.	 Lubricant s
Molybdenum disulphide in various formulations is the most
extensively used lubricant. However, it is restricted in
two areas - liquid oxygen proximity and vacuum conditions.
Other lubricants for the most part are rather selective iii
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APPLICATIONS & DESIGN CRITERIA
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ChtyU•e Primanly • hear vam,, fuel(	 Corrosior	 m►„ ga t'•
Mrl Hbd• S 17. A•(destpn.11—ablr•1
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chabiiity i	 -	 sing,
UtSC -OT. shear appL• cehons	 Aims, c.xro.aon - %t,l Hbdk 5 • LOCkhL eel dot orients
So-s Lessard - Some ber ling 	 I	 Tamp. limits -7( • to • 0 
01"
on A-	 36 for D . A. No yield	 t limit
No fatigue "G	 load. in tension	 space vacuum sub;irate..n— I	 leallowedad a 	 - Site limitat-ri. -
at.: banding	 coating,.	 Radiation not problem -t "0 screws and 1/8" rivets riun.	 ir,
repsent4 prima-y structure,—
Marc. .! :r -Fes its ivi	 -- -' -- i• 	 -azl • F p .roo­ Mil Hbdk 5 4 Bit 	 H'odL 1). A.Boeing -New Orleans
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So—vibration	
I
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^_—
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—
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refractory bolt. together
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vts-el bulkheads + impact, fuel corrosion. StrengOddir—ity very important
vibration, and "G" loads
Martia- Baltimore Pri-aray shear - Some ten s ion Fuel corrosion Mil Hbdk 5 + Fas tener spec.,
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High vacuui-n - Radiation no concern
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+ latigur, vibration, impact fast,;.e•a 30 1 to 95 1 F - External limits I	 appl,catione for D, A.	 - Fasteners
-250 to.250 • F - Oulgaumg problems and st-uctures must have compatible
Ifuel corrorion on engirrer potentials and thermal
properties'Prop rti
Marshal,Spas_ Largely .hear - All ether. in Corrosion - Lox, •eaioa.t, galyni Mil Hbdk 5
Flight Center varying degrees.	 Increa s ed mag- stress Sat ty tutor. 1. 1 for yieldI	 mtudee in fnrure due I. higher 1.4 for ultimate
•.prods ..it strength; density only minor
All conditions of loading Temp, limits -423 • to +5000 • F Mil Hl+? k 5 . h1AC 339Mc Donncil Galtauir and temp. corrosion Want tast—ers with good cryogenic
unwanted bonding in vacuums 2nd -!rutted temp, properties
toge,hrr ,
	
a dvocate "tota l jmnt-
infor ,nation
General L,namies/ Some t.naron -423oF to 600 O F with expiectaciona to Mil Hdbk 5 formulated turn o:
Astronautics Combined tension k nhe,, 2700o17 - corrosion - salt spray - the nut method
vlbruien, but not severe vacuum L radatir- hazards
FLOX - ! -C?X 6 1_112
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TABLE 7
TORQUL VS, INDUCED LOAD STAND:;RDS
Company
Chrysler, New Orleans
Boeing, New Orleans
Marshall Space
Martin, Denver
Nor:`h American,
Downey
Vnrth American,
Catioga Park
Lockheed, Sunnyvale
lioeing, Seattle
Tl,iok.ol, Elkton
Martin, Baltimore
G. E., Philadelphia
Space Technolcgy Labs
McDonnell
General Dti namics /
Astronautic a
Statnflart,
ABIL'i, 18
CCSD 60006006
BAC-5009
aBXiA 18
MSYC I ONI 100515
Martin generated
values. Vendor TT
curves
NA generated values
NA generated values
HIND
LAC. generated values
HI.1D
BAG generated data
Vendor supplied IT
curve=
Martin generated
values
HL-)iD
Vendor TT curves
MAI)
HIAD
Vendor TT curves
Skidn-.ore-Wilhelm
Approach
Remarks
Similar to HIND
Arthur H. Kor,i lormu .a
(Prod. Enb. Nov. 1943)
Planning to use Bureau of
Standards Handbo:,k
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TABLE a
PL:',TINGS AND COATINGS
1. Marshall ! Space F.'ight	 Cadr-iium	 Protection & lubricaW on
Center	 steel. Lubricant & galvanic
barrier on stainless steel,
Silver	 Lubricant
^. Chrysler, Ne ,.v Orlcans Cadmium Same as 1.
3. Martin, Denver Cadmium Lubricant & galvanic barrier
on stainless steel.
Silver Lubricant
Azorizin,; (Cr) Wear resistance
4, North Am p : ican, Cadmium Same a:; 3,
Downey Silver Lubricant
5. North American, Silver Lubricant
Canoga Park Ni Cd 900° corrosion protection
6. Lockheed, Sunnyvale Electrofilm Lubricant
'ilver Lubricant
7. Boeing, Seattle Cadmium Same as 3.
Silver Lubricant
8. Thiokol Cadmium Protection and lubricant
on steel
9. Martin, Baltin-tore Cadmium Same as 1,
Ni Cd Same as 5.
10. G. E. ,	 Philadelphia Cadmium Same as 8,
11. Space Technology Labs Aluminum Thermal control
Passivated Corrosion
Gold Thermal Control
Ci.romium. Wear resistance
Silver Lubrication & thermal control
12. McDonnell	 Cadmium	 Same as 1.
Silver	 Same as 1.
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application and for this reason are not commented ou
further. Table 9 lists the various type., oi lubricants.
installation Problems
Very few companies indicated that they had any serif-,us instal-
lations problems. Several firms did sdy that ;alling of A-2$6
and high nickel alloy fasteners presented an installation prob-
lem. This indicates that more work is needed in lubricant
development or at least proper utilization; of available lub,?s.
Mention was made of i:iconsistent preloading which ti.t. s in with
lubrication and lends w e ight for ti;e need to establish standard
torque tension methods and conditiont5 of testing.
One other problem concerned wrenchability of internal w. , en_h-
ing parts and 12 point external drives. Investigations in this
area are prc-sently in progress by the Naval Air Engineering
Center (NAEC), Philadelphia Navy Yard.
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6. Desien Allowables
Almost without exception MIL Handbook Five was a source for
this data, but also without exception, company manuals sup-
plemented Handbook Five. Most concerns felt the lieu] to he
more conservative and discount some of the data for their list.
7. Weight and Space Considerations
The majority of replies to questions on this suciect indicated
consideration for high strengtlr-to-densit y ratios in design,
mainly because of vehicle weight criticality.
E. TESTS AND TEST ME.TIIODS
it- is reasonable to conclud-2 that there are gaps in the overall
knowledge of fastener properties and performance under specified conditions.
Accordingly, a number of suggestions were made as to how these gaps should
be filled by the generati .n of of­:.	 improved tests and test methods. Rec-
ommended new or improved tests are shown in Table 10,
F. FA S1 El`;ER IN FORMAT ION
Specifications governing the pro,..urement of fasteners usually lag
well bel :nd their introcsction and use. Ir the case of NAS and `:1S specifica-
tions and drawings ttie time gap can run anyv,aere from two to five years.
Consequently, a void is created which must be filled and usually is by the
fastener ,-.anifac_turer. As the users continue to purchase a product, the
user's r ,.quirement for a s pecification grows and it is generally obtained by
lifting Portions almost word for word from the manufacturer's specification,
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TAB LE C)
LUBRICANTS
Rei-nar4.5Type o_` ;DzibricaM
ivlol ^ Kot e 1
Doty
 Corning FS1280 & 1281
Grease
Teflon
Other MoS',
Dri Lube 842
L-ri tube 701
Silver
Fluorocarbon Paste Wax
North American \1oS_.
IL
Salver
Dri Lube 701
Kel F 90
LOX - Lube
FiC:CtrOfilnl
Silver
N11L-L-3937
Silver "boor"
Silver
BIMS 3-3 (MoS2)
MIL-T-5544
MoS2
IVI O S -
Eve rlube 811B
!N1i;:ro S°al
Teflon
Metal Powders in l.esins
C -aphite
1VIoS.,
Teflon
Oxylube 702 & 703
Lox Safe
Kel F 90
Conipaii
Chrysler, New Orleans
Martin, Denver
North American,
Dov;ney
North American,
Canoga Park
Lockheed, Sunn,,vale
Boeing, Seattle
T!liokol
G. E. , Philadelphia
Space Technology
Labs
,McDonnell
General Dynamics/
Astronautics
450 0 -12000F
-423 0 -- 450-F
As supplied on parts
by vendors
Compatibility \ , ith LOX
.xpected future prob-
lems with compatibil-
ity with FLUX
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TABLE 10
RECOMMENDED NEN Oi: IMPROVED TESTS
General Dynamics /Astronautics
Relaxutiou -residual stress
Vibration of locknuts
Fatigue, elongation at .2% yield
Yield strength -%1-286, torque tension
Torsion-Shear, elevated temperature
test fixtures
Torque tension, vibration of locknuts
Yield strenoth
Torque tension, magnetic permeability
Magnetic permeability
Vibrai ion
Vibration, thermal cycling, creep
Stress durability, elevated temperature,
relaxation, vibration of locknuts,
elevated fati gue, inetallographic check
after T.emperature
Effects of rapidly applied loads of short
duration at lo ,.N, temperatures, corrosio::
resistance under load
Bneing-New Orleans
Martin-Den ver
North American-Canoga Park
LM SC
Boein,,,-Seattle
Martin-Baltimore
G. E. - Philadelphia
Space Technology Labs
Jet Propuision Labs
Lewis Research Center
Republic
McDonnell
^1
The fastener manufacturers who responded to the request for their
recommendation of fastener„ to be evaluated in the test program are listed
in Table 11. Included are the materials and configurations of fasteners they
presently supply to the aerospace industry.
G. LITF'R_3TURF.. SURVEY
In addition to the user survey, a continuing literature survey of
inateriais was conducted to collect available fastener data and materials data
for evaluating potential fastener utilization. The survey included materials
within the base alloy g oups of iron, nickel, cobalt, titanium, and aluminum.
Final selection of materials for mcJvsion in the program .zas based on the
user's survey, available fastener data, D-,\IIC memorandums, supplier in-
formation, higi. strength considerations, and NASA reports and information.
Duril_' the past year the following alloys were investigatcd.
Iron Base	 Nickel Ease	 Cobalt Base	 Titanium Base
AISI H-1 1	 Inco 718	 L-605	 Ti-6A1 -4V
Vasco Max 300	 Xaspaloy	 Ti-5A1 -2. 5Sn
A-286	 AF 1753	 Ti-lAl-8V-5FE
U-212	 Udimet 700	 Ti-8Al.-1V-11vlo
AFC 77	 MoI_el.	 Ti-7A1-12Zr
f	 Rene 41
f	 Rene 62
l	 Udirrct 630
f
1, Iron Base Alloys
a.	 AISI H-11
AISI H-11 alloy is a high strength 5 per cent chromiii tool
steei employed in the .abricatior. of precision fasteaers rc.r
the aerospace :ndustry. Mininium ultimate strengtt of
260 ksi with good ductility can be obtained with H-11 rnaterial
at room t:;mpc.7a.ture. At present, the temperature range
for t I ,is material is from room to Q 00° F applications. How-
ever, data have been generated on the cryogenic properties
of `.asteners down to -320"F (Ref, 1). Short-time tensile
tests show an increase in strength with decreasing tempera-
ture with a slight decrease in dultility at -320°F.
Standard charily impact results in rsicated that a ductile to
brittle transition occurs around -100"F; however, similar
tension impact results of bolt threads do not correlate with
these fir_dings. The energy required w fracture a
bolt thread was essentially the same at -320° F as at 70° F.
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From the limited amount of information available, a more
thorough evaluation of H-11 for cryogenic fastener applica-
tion to -423° F was considered justifiable. Also, the 11-11
fasteners would provide a comparison standard for the
performance of other iaterials under unique environment
or tests investigated during the program. Therefore,
tension and shear bolt_, and companion fasteners of 11-11
were selected for fastener evaluation in this program.
b. Vasco Max 300
The maraging steels, particularly the 18 per cent nickel
grade with cobalt and molybdenum, are receiving extonsive
consideration for non-corrosion resistant, low temperature
application. The various steel producers report this ma-
terial to have high ultimate and yield strengths with excel-
lent ductility and notched to unnotched ratios. They state
that this material possesses superior hot and cold work-
ability, ease of heat treatment, weldability and adequate
impact properties at cryogeni., temperatures which would
make it a suitable material for wide applications in exist-
ing and experimental engines, air frames and missile
system= (Refs. 2, 3 and 4).
An evaluation by SPS of ma y aging steel as a possible ma-
terial. for high strength cryogenic fastener application
snowed tensile and yield stren g ths of bolts and specimens
increased significantly with decreasing temperatures with
very little change in ductility. Ultimate strength, at -320"F
was on the order of 350 ksi with 10 per cent elongation. At
present, the temperature range for this material (Ref. 5)
is from -320°F to 900°F.
C. A-286
Conventional A-286 al_oy is one of the prime materials
used for cryogenic and moderate to high temperature ap-
plications. There appears to be more data available on
the -423° F properties of A-?R6 than any other heat and
corrosion resistant material, The National 'aeronautics
and Space Administration reports that A-286 material is
recognized as an invaluable material :or fasteners at
cryogenic and elevated temperatures. However, ii_ the
extremely cold worked condition its application is li.nited
(Ref. 6). A-286 exhibits good elevated to:nperatur( )rop-
erties to 1200° F wh i ch gives this material a utili:..1on
range of -423" F to 1200° F. High strength A-286 (200 ksij
was selected for fastener evaluation in the program.
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d. U-'212
The National Aeronautics and Space Adrr..nistration also
concluded from tests of U-212 fasteners that this material
-Uows considerable promise as a low temperature fastener
material but that the material cost is relatively high com-
pared to A-286 alloy (Ref. 6). Applications for U-212 alloy
would be the same as for A-286. U-212 was selected for
evaluation as a potential high strengtl-, fastener material.
e. AFC 77
AFC 77 alloy is a high strength, elevated temperature stain-
less steel developed bythe Crucible Steel Cornpany under an
Air Force contract. Depending on the heat treatment em-
ployed, AFC 77 appears to have either potential cryogenic
or high temperature application to 1200° F, Although AFC
77 exhibits high strength at -320°F, it %%as not considered
for evaluation because o` low ductility in comparison to
those materials selected,
Nickel Base Alloys
a, Inconel 718
Available information procured frorn the steel producer
literature indicates this material possesses excellent cry-
ogenic properties to -423 0 F (Ref.. 7 ). Tensile strengths on
the order of 260 ksi with 15 per cent elongation were re-
corded at -423 0 F. Evaluation of Inco 718 as a fastener
material also shows it to exhibit excellent elevated tem-
perature properties to 1200°F. Inconel 718 was selected
for evaluation as a potential high strength fastener material
in this program.
b. Waspaloy
Waspaloy alloy is another of the nickel base alloys that ap-
pears to have the potential for cryogenic fastener applica-
tion. Data oi-, t'ae - 423°F properties of Waspaloy were con-
fined mostly to charts illustrating a comparison to U-212
and A-286. Notched to unnotched tensile ratio was l^.igher
at -423°F (.86) than at 70°F (.81) for a notch stress con-
centration factor of Kt 10. Tensile strength of specimens
increased appreciably with decreasing temp erature (Ret. 6).
Waspaloy was developed for high temperature application to
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1600° F. Existing fastener data show it to possess good
s'.ort tune elevated temperature properties to 16000F.
Therefore, the potential temperature range for this ma-
terial as a fastener appears to be from -423° F to 1600° F.
Standard V%'aspaloy was selected for fastener evaluation
while cold reduce.! Waspaloy was selected for evaluation as
a. potential high strength fastener material in th,^ test pro-
gram.
C. AF 1753
he Air Force completed a program which developed the
alloy AF 1753 which stiows good potential for ::istener use
as high as 1800°F. Material data on this nickel base alloy.
indicate a possibility for cryogenic utilization. AF 1753
has the highest strength of the so-called super alloy series.
Fastener data ger_erated by SPS show A to possess good
elevated temperature properties to 1600° F (Ref. 8). Be-
cauSC of these attributes, AF 1733 Las beer, selected for
future evaluation as a potential high strength fastener
material in 1965.
d. Udimet 700
Udimet 700, and its modification known as Astro_^y, is
another of the highly alloyed nickel base super alloys. Al-
though there is no Baia to support it, this material, a nickel
base alloy, probably will exhibit good cryogenic properties
to -423 0 F. Available fastener data show it to have good
elevated temperature properties to 1600° F (Ref. 9). In
general, U-700 is stronger than the run of the mill super
alloys of Rene 41, M-252, Waspaloy, and U-700, ii-700
and Astroloy are not being considered for evaluation be-
cause they are not commercially available at the present
time.
e_ Monel
Monel was investigated because of the possibility of making
rivets and other cold deformable type fasteners. This alloy
consists of a series of nickel-copper base alloys known to
have excellent corrosion resisLar_ce. The te.nperat^ r—:
range of the material appears to be froth ­ 423"F  to 18000F.
Impact and tensile tests show morel increases in strength
as the temperature decreases. There is no apparent duc-
tile to brittle transition clown to liquid hydrogen tempera-
ture. However, munel wits not considered for evaluation
because it is not considered applicable for NASA needs
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1600° F. Existing fastener data show it to possess good
si,ort time elevated temperature properties to 1600'F.
Tnerefore, the potential temperature range for this ma-
turial as a fastener appears to be from -423° F to 1600° F.
Standard li'aspaloy was selected for fastener evaluation
while cold reduce "' Waspaloy was selected for Evaluation as
a. potential high strength fastener material in th^^ test pro-
gram.
^. AF 1733
The Air Force completed a program which developed the
alloy AF 1753 which shows good potential for `astener use
as high as 1800°F. Material data on this nickel base alloy.
indicate a possibility for cryogenic utilization. AF 1753
has the highest strength of the so-called super alloy series.
Fastener data generated by SPS show it to possess good
elevated temperature properties to 1600°F (Ref, 8). Be-
causC of these attributes, AF 1753 has been selected for
future evaluation as a potential high strength fastener
material in 1965.
d. Udimet 70 0
Udimet 700, and its rnodifiration known as Astro__ .,, is
another of the highly alloyed nickel base super alloys. Al-
though there is no daia to support it, this material, a nickel
base alloy, probably will exhibit good cryogenic properties
to -423 0 F. Available fastener data show it to have good
elevated temperature properties to 1600°F (Ref. 9). In
general, U-700 is stronger than the run of the rnill super
alloys of Rene 41, M-252, Waspaloy, and U-500, i3-700
and Astroloy are not being considered for evaluation be-
cause they are not commercially available at the present
time.
e_ Monel
Monel was investigated because of the possibility of making
rivets and other cold deformable type fasteners. This alloy
consists of a series of nickel-copper base allays knows; to
have excellent corrosion resistance. The temperaturz
range of the material appears to be from -423"Y' to 18000F.
Impact and tensile tests show mo.iel increases in strength
as the temperature decreases. There is no apparent duc-
tile to brittle transition down to liquid hydrogen tempera-
ture. However, munel wits not considered for evaluation
because it is not considered applicable for NASA needs
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3. Cob`- .: _ base Allow
a.	 L-605
The alloy L-605 is a cobalt base, high temperature alloy
also known as Haynes Alloy No. 25, The temperature range
appears to be from -423°F to 1800/2000°F depending on
the application.
Tensile and notched tensile data at -423° F sho ,.v L-605 in
the 20 per cent ( old reduced condition to have high strength
with excelle.it ductility and good notched to unnotched ten-
sile ratio Ref. 11). Sinooth and notched (K t 6. 3) tensile
strengths at -423° F were; oil 	 order of 260 ksi with 20
cent elongation.
In addition, the corrosion resistance of L 605 appears
very good and the alloy can be used witlho •.it a protective
coating.
L-605 alloy with 30 per cent cold reduction has been se-
lected for future evaluation as a potential high strength
fastener waterial in 1965 under the present contract.
4. Titanium Base Alloys
a. Ti 6A1-4V
Ti 6A14V is an alpha-beta titanium alloy which has had
extensive use in pressure vessel application clown to
-320°F. Interest is being focused to extend the useful
temperature of application to -423° F for liquid hydrogen
application.
The results of tests by the Astronautics Divisio_l of Gen-
eral Dynamics for TMCA show 6-4 Ti to have a pronounced
increase in strength as temperature decreases (Ref, 14).
In addition, 6-4 Ti retains reasonable elongation and notch
strength (Kt	31 when the temperature decreases to
-423° F, if the ox-y gen level is controlled. However, all
testing has been performed on sheet material with primary
interest in p ressure vessel applications. Because of their
wide use in aerospace applications, tension and she-ir bolts
of 6 11 Ti were selected for fastener evaluation in the test
program.
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b. Ti 5A1?. 55N (Standard and ELI Grade)
Ti 5A1-2. 5Sn .s an all alpha non-heat treatable `ita.nium
alloy developed by 'TNICA. It is reported to have excellent
properties in the temperature range of -423° F to 800° F.
It has been used principally for pressure vessels and cry-
ogenic fuel tanks. "he useful application of this material
has been extended down to LH 2 temperature by the lower-
ing of the inters`itial content which also increases tough-
ness at low teniperatures (Ref. 15),
A tensile strength of 240 ksi with 15 per cent elongation,
was obtained with 5-2. 5 Ti material at -423 0 F temperature,
Data available on the fastener properties consist of stabil-
ization tests which indicated mccl:anical_ properties are not
affected after exposure at 800°F. From this, it appears
that Vie 5--2. 5 Ti has a usefu'L utilization range of -423° F to
800°F. Therefore, standard 5-2. 5 Ti w4s selected for
future fastener evaluation and 5-2. 5 Ti f:LJ grade w•as
selected for future evaluation as a potential high strength
fastener material in 1965 under this contract.
C. Ti 1Al-8V-5Fe
Ti IA1-8V-5Fe is an alpha-beta titaniumn alloy that can be
heat treated to 200 ksi minimum tensile strength at room
temperature, It has been developed primarily as a fastener
material for room temperature applications with a maxi-
mum applicable temperature of 300 O F.  Cryogenic pro?,
-erties of 185 Ti are non-existent and investigations in this
area ,vould be justifiable because of the high strength ex-
h:bited at room temperature. 'T'i-1 -8-5 was selected for
evaluation as a potential high strength fastener rnateriai in
ti.is prograr.i.
d.	 i 8A1-1V-IMo
The 8-1-1 titanium alloy has recentiy come into national
Prominence as a leading candidate alloy for the supersonic
transport. It 'ias the k ighest modulus and lowest density of
the commercially available titanium alloys (R(-f. 16). It is
an all-alpha titanium alloy requiring nc, solution treatment
and age.
Cryogenic data of 8-1-1 Ti show that as the temperature
decreases from room temperature to -423 0 the notch
ratio decreases considerably. The test: were conducted
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employing a notch factor of K t 6. 3 which is normally used
to evaluate fastener potential. If the ratio of notched to
smooth bar falls below 1. 0, the future of the material for
fastener utilization appears limited. This could be the
case with 8-1-1 Ti.
Since 8-1-1 Ti is an all-alpha alloy, elevated temperature
properties are good to 750° F, In addition, the material
retrains relatively stable after long exposures at 75001F.
However, fatigue life decreases as a. result of long-time
exposures.
In light. of the limited amount of cryogenic properties on
8-1-1 Ti, it was selected for future fastener evaluation in
1965 under the present contract.
e.	 Ti 7F.1 -12Zr
The 7-12 titaniu m n alloy is presently used in the fabrica-
tion of fasteners for elevated tem perature application tc,
750°F. It is a super-alpha titanium alloy reyl...iring no
solution treatment and age. Since it was developed for
high temperature fastener application, stability of this
material is relatively good after long exposures at 750°F
although lobs in fatigue life has been noted after long ex-
posure at 7500F.
Cryogenic properties of 7-12 Ti are non-existent, but the
potential as a cryogenic fastener material appears to be
presen,„ wherefore, 7-12 Ti was selected for fastener
evaluation in the test program.
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SEC'I .L__i III
PHASE: II - FASTENER .E ^T1^I_.Ul3T1^^.J
As a result of the survey undertaken in Pha p e 1, twenty-one dif-
ferent classes of fasteners were selected for evaluation by the contracting
officer's technical repre entat:ve, These fasteners include variations in
tensile and shear bolts, blind bolts, structural rivets, and companion nuts.
Listed in Table 12 are the types of fasteners, materials, strengl:h levels,
and sizes that were evaluated. Table 13 lists the procurement specification
whine Table 14 shows the nor . ial composition, of th e fasteners. Pictorial
representation of the various fas-ceners is included in Figures 1, 2, 3 aad 4,
A. PROCUREMENT
Listed also in Table 12 are the v31''_ous suppliers who supplied
fasteners for evaluation in addition to SP-5i. These manufacturers currently
upply the aerospace industry. In addition, other fastener manufacturers
were requested to submit price and delivery quotes for specific fasteners
to be evaluated in the program. Mary chose not to quote.
Tiie 3/8-24 A-196 point drive bolt and companion twis t.-off nut
was dropped from the test program because it is still in the development
stage and is unavailaole E71 the present time.
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EWETI%,19	 VS2502	 ::_:S1271
FN 922	 V Na66B	 FN 121
EWB 1615
	
EIVBT815
FN 1418	 FN 1216
1
;ure No, i Composite Piiotograph of Tension Fasteners Evaluated in
Phase H
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4wL
SHEAR FASTENERS
EWSB 926	 NAS 673
EWSN 926	 FN 12
Figure No. 2 Composite Photograpa of Shear Fasteners EvaluaLed in Phase II
46
!4
HL4078
^i
Pn INT DRIVE FAS 71"EERS WITH
TWIST OFF NUTS AND JO BOLTS
r
'1
s
HL10V70W
t	 watin..{	 * ►...	 -r«.ter +.f -... _v7^M.^'
^ 1 ^ 11+IK1 i
HL1870NV
P^'200-16	 P200A-16
Figure No. 3 Composite Photograph of Point Drive and Jo Bolts Evaluated
in Phase 11
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AP,
Part No.
MS 20 426 DD
Material
Al2024-T4
Part No,	 Part No,	 Part No.
CR 2162	 CR2662	 MS2042 6 DD
Material	 Material	 Material
Al 201?-T4	 A-286	 Pure Titanium
wt
t,o
Ik
RIVE I' FASTENERS
Figure No, 4 Composite Photograph of Rivets Evaluated in Phase 11
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B. TEST PROGRAMS
The fasteners, shown in 'igures 1 thru 4, evalu-aed in Phase Il
fall into three distinct categories. namely (1) tension and shear bolts with
their companion nuts, (2) point drive and Jo bolts, and (3) structural rivets.
Because of this, the fasteners were tested under three separate test pro-
grams which were tailored to reflect the specific function of the fastener.
The test programs are shown in Figure- 5, 6 and 7.
1.	 Tensile
Tensile tests to determine yield and ultimate strengths for
I olts and coinpanion nuts, and the ultimate strength of the
jl,Lnd and semi-blind fasteners were conducted at -423-F,
room temperature, and maximum utilizes,ion temperature
of the fastener.
In order to determine the effects of temperature on the prop-
erties of the base alloy from v.hich bolts were fabricated,
standard tensile test specimens trade from the bolts were
tested at the same three temperatures,
hear
Double -: hear Pests of bolts i,nd sin g le or lap shear tests of
rivets were conducted at -423'F. room temperature, and
maximum utilization temperature of the fastener.
3. Stress Rupture
Stress rupture properties for one, ten, -aid one hundred hours
were determined ff , r the tension and shear fasteners at their
maximum applicable temperature.
4. Stres s Relaxatie l
Stress relaxation properties Nvere determined for ten and
fifty hours employing two initial preloads at the maximum
utilization temperature of the fasteners.
5. Nut ReuGe and Galling T e ndencies
Nut reuse and galling tendencies were determined simultane-
ously at room temperature after exposure to -423° F (LH2),
room temperature, and the maximum utilization temperature
of the locknut. These tests were confined to the companion
locknuts of the tension bolts.
	b.	 Vibration
Vibration tests to determine the locking characteristics of the
companion lockr>>ts of the tension bolts and the point drive
twist-off nuts were conducted in accordance with the ALMA *10
specification at room temperature. The companion nuts for
shear bolts were not included in the nut test program because
they were not selected as a specific class of fastener to be
evaluated.
T. Torque versus Induced Load
Torque versus induced load tests were conducted at room tem-
perature to determine the torsional yield strength of the tension
and shear fastener combinations. These tests ware conducted
in conjunction with determining the initial preloads to be em-
ployed for the relaxation tests.
	
8.	 Corrosion Resistance
Co y rosion resistant properties were determined under seacoast
and accelerated salt spray atmospheric conditions with an
attempt to correlate the results obtained from each source.
	
9.	 Thermal Cycling
The effects of thermal cycling on the mechanical properties of
the fastener combinations and the bolt material were deter-
mined at room te:npe*-ature after being subjected to two differer
sets of thermal cycling.
a. Room temperature to -423 0 F to room temperature
b. Room temperature to maximum applicable tensl,:!rature to
room temperature.
The parts were cycled twelve (12 1 times between room tempera
ture and the extreme temperature.
	
10.	 As Relaxed
The effects of the fifty hour relaxation tests on tY.e ultimate
strength, yield strength. and shear strength of the fastener
combinations were determined at rooms temperature.
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I 1. Stem Retention
The stem retention of seii-Llind rivets was determined at
room temperature for the "As Received" and "As Cycled"
assem,.ed rivets.
12. Preload
The blind bolt preioads after installation were determined at
room temperature for "As Received" and "As Cycled"
assemblies.
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I 1. Stem Retention
The stem retention of semi-hind rivets was determined at
room temperature for the "As Deceived" and "As Cycled"
assern-ed rivets.
12. Preload
The blind bolt preioads after installation were determined at
room temperature for "As Received'' and "As Cycled"
assen.blies.
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TEST PROGRAM - PHASE II 'continued)
POINT-DRIVE BOLT AND NUT
Part Number
r As Received
Tensile -423° F #10 1 / : 3/8
70°F #10 1': 3/8
Max, #10 1/4 3/8
Double Shear -423° F #10 1/4 318
70°F #i0 1/4 3/8
i^1ax, #_.0 1 /4 3/8
Preload 70°:' #10 1/4 3/8
Vibration	 Alma #10 70°F #10 I/4 3/8
Corros=on Resistance 7075 Al #10
Sea Coast- Salt Spray 2219 Al #10
Ti-6A1-4V #10
321 S/S #10
Relaxation @ 1200° F7-- A-286 Only
As Relaxed	 Tensile	 (500F
#10	 1/4 _ 3/8
Double Shear(? )° F)
#10	 1/4	 _^%8
	
0°F to -423°F to 70°F —^	 As Cycled	 70°F to 1Z to 7C"F
Tensile 10 °F	 #10	 3/8	 Tensile 70°F	 +' 10 	i Z.^j
Double Shear (70°Fi	 #10	 3/8	 ^^ouble Shear (70°Fl^ #10	 3
Figure 6
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TEST PROGRAM PHASE II (continued)
RIVETS - MATERL3L
Part Number
EAs Received
Tensile -423°F 1/8 5/32 3/16
70°F 1/8 5%32 3/16
Max. i/8 5/32 3/16
Shea: -423 1' F 1/8 5/32 3/16
70°F 1/8 5/32 3/16
Max. 1/8 5/32 3/16
Stem Retention 70 °F 1/8 5/32 3/16
Corrosion Resistance 7075 Al 1/8
Sea Coast — Salt Spray Ti-6A1-4V 1/8
321 S/S 1/8
2219 Al 1/8
70°F to -423°F to 70 • F As Cycled 70°F to wiax, to 70 °F
Tensile (70 °F)	 1/8	 5	 32 3/16	 Tensile 70°F) 1/8 5/32	 3/16
Shear	 70 °F'	 1/8	 5/32 3/161	 IShear '70 °F 08 5/32	 3/16
Stem Retention (70 °F 	1/8 5/32	 3/161	 IStem Retention (70°F) 1/8	 5/32 3/1
Figure 7
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C. TEST PROCL )URES
1.	 Tensile
The tensile tests were conducted per ASTM E-8-61 T desig-
nation on the Tinius Olsen Universal Testing Machines employ-
ing a uniform loading rate of 65, 000 psi per minute for bolts
and . 005 inches per inch per minute for specimens, For the
bolt and companion nut tests, the huts were assembled on the
bolts leaving two to three threads exposed prior to testing.
a. Yield Strengths
Material yield strengths were determined by the 0. 2 per
cent offset method described in ASTM designation
A 370-61 T. Bolt yield strengths were determined using
Johnson's two-thirds approximate method. Figure 8
scows how these methods for determining yield strengths
were accomplished.
Standard methods with the load extensorneter attached to
the test specimen were used for determining room tem-
perature yield strengths. At cryogenic and elevated tem-
peratures, alternate methods as shown in Figures 9 and
10 were used respectively for plotting stress-strain curves
for the determination of yield strengths of bolts and spec-
imens. In the case of cryogenic tests, the extersometer-
was attached to the .ndercut section of the . 357 specimens
and to the full shank of the . 113 Specimens. For bolts, it
was attached to the bushing adapters at the bearing sur-
faces of bolt and nut. Preliminary tests at room tempera-
ture employing these methods in comp^-_rison to the standard
method indicated no difference in yield strengths.
b. Elongation
The percentage of elongation was determined employing a
. 5 inch gage length for . 113 inch specimens and 1. 4 inches
for . 357 specimens.
C.	 Preload
Determination of room temperature preload and ultimate
strength for the point drive and Jo Bolts was conducted,
employing the fixtures shown in Figure 11. Prior to as-
sembly shims were placed between the test fixtures at the
joint surfaces. After bolt installation the loaded assernbly
was placed in the tensile machine and a uniaxial tensile
58
216 Offset Yieldl
Johnson's 2/3  Approximate
-Yield
b
c
0a
.d
0
0	 2	 4	 b	 8	 10
Elongation, .001 Inches
Figure No. 8 Two Yield Strength Determination Methods. Johnson's
2/3 approximate yield method is used for bolt yield
determination and .2% offset yield is used fo- m. atC;inl
s pecimen yield determination.
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Figure No. 9 Load Extensotneter Used for Plotting Stress-Strain- Curves
at -423° F
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Figure No. 11 Tensile Test fixture for Point Drive and Jo Bolts
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load was applied. While the loa! 	 being applied, a pull
of appro%imately five pounds was ,-.-erred on the shin
until they could be mLved, at which point the load wa.s re-
curded and determined as the pre!Qad.
d.	 Stress Calculations
The cross sectional areas used for deterinining the stress
value- of threaded fasteners varied depending an the type
of fastener tested. The basis for these calculations is
that they closely approximate the stress values obtained
from smooth specimens fabricated from the same mater-
ial a-id hea r treatment. The calculation procedures for
deterzr,ining areas used in the test programs were as fol-
lows:
1. Cross sectionai area
a = Ir 1'
nomina 1 dia
where: r =	 -
2
= 3. 1416
2. Area at Basic bitch Diameter
785398 (BaF.ir Pitch Dia. )2
3. 141E
wheze: .785398 =	 --
4
Basic Pitch Dia. = From H28 -- Screw
Thread Standards for
Federal Service
3. Tensile Stress Area of External Threads
2
I3 _ 3 H
a -
	 2	 16
where: V	 3.1416
F = Basic Pitch Dia. (from H-28)
H = Height of Thread to Sharp V
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4	 Tensile Stress .-rea of . 003 Reduced Pitch Diameter
u _ x r'	 3 ^1 \?
?	 16
when Ir = 3. 1416
E = Basic Pitch Dia. minus . 003 inches
H = Height of Thread to Sharp V
2. Shear
The shear tests were also conduced on the Tinius Olsen
Unii•ersal Testing Machines at a uniform loading rate of 65. 000
psi per minute.
a. Double .3hear
The double shear tests were conducted, employing the test
fixtures shown in Figures 12, 13, and 14. The test setup
is similar to that required in NAS 498 specification except
that the bearing surface of the inserts was equal to the
diameter of the fastener being tested. The test fixtures
were fabricated from Vascu Max 300 (18 per cent nickel
maraging steel) fcr cryogenic shear tests and the nickel
base alloy, AF 1753, for elevated temperature tests.
Double shear tests at -423°F of the 3/8 and 1/2 inch diam-
eter fasteners were not completed. Only a limited number
of tests were completed before catastrophic failure occurred
in `he test fixtures. Tt is believed that design and material
selection were the cause of these failures. New fixtures
have been redesigned, and will be made from A-286 material.
b. Single or Lap Snear
Single or iap shear tests were conducted on the ser.-ii-blind
and	 'id rivets employing a fixture as shown in Figure 15.
The fixtures were fabricated from high strength A-286
material (200 ksi) and performed a satisfactory job without
distortion at the testing surfaces. Measurements were made
of hole diameters intermittently to insure that the y were
within tolerance prior to each test.
1. Stress Rupture
The stress rupture tests were conducted on Arcwe'_d Stress
Rupture Machines. This machine employs a lever arm that has
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• ratio of 20:1. Load is applied by dead weights which insure
• constant load for the duration of the test. The fixtures, shown
in Figure 16. are fabricated from super alloys capable of with-
standing the test load without deformation at test temperatures
of 1600°F and prok • ide uniaxial loading conditions.
4.	 Stress Relaxation
The stress relaxation tests were conducted employing cylinders
fabricated from the same material as the test specimens. The
only exception to this procedure was the Ti 7A1 - 12Zr fasteners
which were tested with Ti 6A1-4V cylinders. Both materials
have about the same coefficient of thermal expansion.
The initial preloads employed were fifty and eighty per cent of
.he roo ►n temperatui e yield strengths as determined fron-,
torque versus induced load tests. The loads closely approxi-
mate the actual loads that co ,.ild be induced in a joint in normal
application. Figure 17 shows the mean load as the recommended
seating torque which is usually applied with a torquing device
that has a colera-ce of plus or minus 20 per cent. Initially, a
preload of 90 per cent was anticipated but tests employing this
load indicated fastener assemblies in some cases exceeded
their elastic limit at room temperature. 'therefore, the higl ►
initial preload was decreased to 80 per cent of the tc rdue ver-
sus induced load yield strength. The preloads were converted
into the stress the fastener assemblies actually fell at the test
temperatures. Figure 18 shows how this was accomplished.
The test procedure to determine the residual stresses after
ten and fifty hours employing cylinders was as follows:
Nomenclature
L	 - Load
E	 - Elongation
I- Initial Bolt Length0
1 1 	- Loaded Bolt Length
1 2 	- Exposed, Loaded Bolt Length
1 3 Exposed, Unloaded Bolt Length
1 4	 - 1 1	 -	 12
1 5	 - 1l	 -	 10
^ 6	 _ 14	 _	 15
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Room Temperature
Torsional Yield Strength
Preload A
o	
^-
	80% Torsional Yield Strength
fi
^C' 'IV
	
Recommended Seating Torque
Preload B
50% Torsional Yield Strength
Torque, Inch-Pounds
Strain, Inches
Figure No. 17 Method for Determining Preloads for Relaxation Tests
with Cylinders.
I/1a
71
Formula
Elongation -	 Load X Length
Cross sectional area X Mod. of Elasticity
a. From the torque versus induced load curve the desired 50
per cent and 80 per cent yield strengths were obtained, (j-).
b. From the companion fastener tensile load extension curve
the elongation (E) required for the desired load (L) was
det.e rn,ined.
c. Both ends of the bolts were spot drilled and the length
measured (1 0 ) or. a Pratt and Whitney Super Micrometer.
d. The fastener assemblies were loaded in the cylinders to the
elongation established in (b).
e. The assemblies were thee: exposed to their maximum util-
ization temperature in an electric furnace for the desired
period of time.
f. The assemblies were coo'_ed to room temperature and the
length was measured while still in the stressed condition
(12).
g. The assembly- was disassembled and the bolt length meas-
ured (13).
h. Joint relaxation was then calculated (1 , ).b
i. From the modulus of elasticity data of the fastener material,
load extension curves were plotted at the test temperature
the fast p ier assembly v -is exposed.
j. From ;1 c, ) and the curve in (i), the residual stress at
tetnperafure was determined.
Example
Bolt	 - EWB 1615-4-38
Nut	 - FN 1418-428
Size	 - 1/4-28
Material - Waspaloy (150 ksi)
Test Temperature - 1400 OF
Time	 - 10 hours
0
72
Q
00
a
tu::l stress
-nnoerature
ipe rature
Bolt Strain - Inches
Figure No. 18 Method for Determining Cylinder Relaxation Stress at Maximum
1 emperature
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L	 - 2, 342 pounds
E	 - . 0039 inches
1 0 	- gauge plus . 9045
1	 - 9084
12	 - 9078
1 3	 - 9051
1 4	 - 1 1 -	 l o = . 9084 -	 r u78 = . 0006
1	 - 1	 -	 1	 = . 0/051	 -	 . 9045 = . 0006
16	 - 14 +	 15 = . 0006 + . 0006 = . 001 2
Residual Elongation	 - . 0039 - . 0012 = . 0027
From Figure 13 - Residual L odd = 1, 350 pounds
C alculations for Figure 19
Preload A - 3903 pounds
Shank Area - . 049 s q uare inches - shank length = 2. 375 inches
Thread Area - . 03256 square inches - thread length = . 250 inches
Modulus of elasticity at 70 F - 31. 9 x 10 6 psi
Modulus of elasticity at 1400 F - 24. 6 x 106 T)si
At 70°F with a ).cad of 3903 pounds:
3903 x 2. 375
Elongation of shank - 	 = . 0059 inches
. 049 x 31. 9 x 106
3 0 03 x. . 250
Elongation of thread _	
_ . 00095 inches
. 03256 x 31.9— x 1^^
At 1400°F with a load of J903 pounds:
3 903 x 2. 37D
Elongation of shank -	 = . 0077 inches
049 x 24. 6 x 106
3903 x 2. 50
Elongation of thread -	 _ . 0012 inches
. 032 56 x 24. 6 x 106
For a load of 3103 pounds
70 0 F* elongation - . 0059 + . 00095 = . 00685 inches
1400° F elongation - . 0077 + . 0012 = . 0089 inches
Initial stress at 1400°F = 3, 000 pounds
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T i ,e fastener assemblies subjected to the fifty hour relaxa-
t :.on tests were subsequently tested in tension and shear at
room temperature to determine '.he effects of relaxation on
the mechanical properties.
5. Nut Reuse and Galling Tendenc
Nut reuse and galling tendency were conducted simultaneously.
The test procedures employed closely approximate the AMS7250
specification except that various elevated temperatures were
used with no lubrication on the nuts. The locknucs assembled on
companion bolts were seated in cylinders of the same material
at 54 per cent of the rated ultimate strength of the fastener as-
sembly. The loads were determined ry elongation employing the
att and Whitney super micrometer. The loaded assemblies
were cycled five times, using three different cycles as folliws:
a. Room temperature to -423'F to room temperature
b. Room temperature
c. Rocco temperature to maximum utilization temperature to
room temperature.
The assemblies acre i:eid at -423° F and -le 3 ated temperatures
for f^v- ininutes with breakaway and prevailing torques being
recorded after each cvcle.
6.	 Vibration
Vibration tests were conducted on a ,nodified Sonntag Fatigue
Machine in accordance with ALMA #10 specific:Ition. The test
fixtures are shown in Figure 20.
The locknuts were seated to twice their maxiniurn locking torque
requirements for four appiications, at which time the test unit
was relubricated. reti;hte :ed. and placed in the test fi:cture with
five similarly prepares spe ciniens. The vioration tests were
conducted at 1750 to 1$GU c j,cies pe:• _ninute at an amplitude of
. 450 inches. The tests ,Atere run for 30, 000 cycles, ^xith into r-
rnitter_t checks erer y 5, OU(, c; Iles afte- which the nuts were in-
spected for rotation and craLVS. Cracks visible under i0X
magnification and/or rotation exceeding 360 degrees constituted
a failure.
7. The torque versus induced load tests were run on a North ".r
Torque Tension Machine. These tests were -run primarily fo°
the determination of torque versus induced load yield strengths to
76
iA. I Him.
,/l
n
 
pus.
S—Material: Steel. AMS
h—H at Treazmant. Re 41
d—':o g : T-kiiv fixture is
nuts. An &aseml
nut is
el
CUSTlylu
AIRCRt.FT LOCKNUT STANDAM
AJOC&AFT LOCKNUT MANUFACUIM ASSOCIAT100W . SJ PARR PLAC I NEW V14K 1, N Y
I 
F-
CHM. 45o x .020
11.005 1
1, OOC --.I ! 	T	 — A
c ,  -	
i
I 4^
0 10 It . ---\ 	 1.^ 4 0	 1
(C', --\ (C)	
0322
c
45'y
LGmM. 50 01
(
N
c ,	 LI/2 n .
n v
CHM. 45 0 x .020-
cHt,k, . 45c, - .032
(C)
S LOT SLOT WASHER AND CYLIVZER WASHER 1	 I,.AShER iACE j
—A
' l i l-W DIN HEIGHT CYLINDER T.D. O.D. O.D. TKC
SIZE	 1 B C E
r
D,
002
+ .
co 2 002 OQ 005
t
_`-00 2
10	 i 328	 i 1.071 I	 .200 .322 i	 5 5 .121
1,1 4 530
	 F 1 . 245 1	 t65 '. ; 5 .750 1	 . 163
.E11 5 i	 :'0
--
o 59
3ifi 150 3.495 39 i C, Go t 3
1 7 6 .8j5 1.6 20 Wi z .870 -.
1	 1 / 2 I . oo^o 1	 74	 .51 5 .990 21 25i	 188
213.
1.70C	 I	 213
9,, ,6	 "125
	 1.870	 . ^7 8 -^-1.115
1.240
Figure 20
77
be used in conjunction with the relaxation tests.
8. Corrosion Resistance
Corrosion reinstance tests were conducted under accelerated
salt spray and seacoast environments. The test specimens
were installed in space vehicle construction material of .075-T6
aluminum, 2219-T87 aluminum, annealed Ti 6A1-4V, and an-
nealed -321 stainless steel. The fasteners were not torqued to
any specific torque level br:-, were tightened sufficiently to in-
sure coi:tact between the fastener ana the space vehicle materi-
al. The conditioning of the test specimens and structural ma-
terial prio, to being subjected to the environment tests are
shown in Table 15.
a. Accelerated :alt Spray Test
The acceleratec! salt sprav environmental tests were con-
ducted in accordance with Federal Test Method _`''andard
151, Method 811. The specimens were monitored on a
daily
 basis.
Seacoast Envirorkmental Test
Seacoast enviro^mental corrosion tests we--e conducted out-
doors at J_cag Beach Island, Nev, Je. sey en the ocean front.
The specimens submitted for this test were situated at a
distance of 190 feet from the water's edge. The specimens
were set at an angle of 45 degrees with the horizontal plane
of the test station fixture and faced east toward the ocean'
Figure 21 shows t.ze test stand in relation to the shore line.
The seacoast environmenta' c^rrosion tests were monitored
on a bi-monthly basis for the first two months, and then
monthly for the next four months. Tests will continue for
another year.
Q .	 Thermal Cycling
Thc, thermal cycling testzi w , re conducted em ploying two sepa-
rate cycles:
a. Room tem perature to -423°F to room temperature.
b. Room ter..perature to maximum utilization temperature to
room temperature.
The test specimens were seated in cylinders fabricated from the
same material as the fastener assemblies being tested. The as-
semblies were preloaded prior to cycling to a load equivalent to
the maximum load employed in fatigue tests of the particular
78
warmed to roam temperature and the cycle repeated.
Figure 23 shows the cryostat employed for the cryogenic
tests in conjunction with the tensile test station.
b. Elevated Temperature Tests
(1) Tensile
Tensile tests at elevated temperatures were conducted,
employing an infra-red furnace shown in Figure 24.
The maximum utilization temperature of all fasteners
tested was reached within one minute and held for ten
minutes before initiating test.
(2) Doubie Shear
Elevated temperature tests required that the maximurn
utilization temperature be reached within one minute.
In preliminary tests, a. thermocouple was placed at the
center of the test specimen and one at the end as shown_
in Figure 25 to determine the variance in temperature
between the two points and the time required to reach
equality. The results showed that the time required
to reach equality for 1/4 inch and 112 inch diameter
fasteners was four minutes and six minutes respective-
ly.
Subsequently, the #10 and 1/4 inch fasteners were held
for 14 minutes at maximum utilization; temperature
prior to testing, and the 1121 inch diameters were held
for 16 minutes. Figure 26 shows the test fixtures and
location of thermocouples in conjunction with the infra-
red furnace for elevated temperature double shear tests.
C.	 Thermal Cycling
The majority of thermal cycling was conducted, employing
resistance wound Marshall furnaces, electric furnaces,
and a Leeds and Northrup Homo furnace.
d.	 Stress Rupture
The maximum utilization temperatures for stress rupture
tests were obtained with res;ista.ice woui:d Marshall furnaces
with maximum operating temperatures to 2000 F.
84
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fastener assembly being tested. Where no fatigue loads existed,
preload of 52 per cent of the rated ultimate strength was used.
In addition, loss of preload due to cycling was measured. The
method for determining loss in p reload followed along the same
lines as those outlined for the stress relaxation tests. Test
procedure was as follows:
Nomenclature
L	 -	 Preload
E	 -	 Elongation
t o	-	 Initial Bolt Length
1 1	-	 Loaded Bolt Length
1 2 -	 "As Cycled" Loaded Bolt Length
1 3 -
	
As Cycled" Unloaded Bolt Length
1 4	-	 1	 - 1
1 5	-	 3=10
6 -	 4	 5
1_	 -	 E - I6
a. Preload (L) obtained from fatigue loads on 52 per cent of
rated U. T. S.
b. From fastener assembly load extension curve. the elonga-
tion (E) was determined for desired preload (L).
C. Spot drilled both ends of bolts and measured the length (lo)
on Pratt and Whitney super micrometer.
d. Loaded bolts to the elongation (E) deterinined in (b).
e. Cycled 12 times at desired temperature. Specimens were
held five minutes at temperature.
f. Neasured length after cycling at room temperature while
still in the loaded condition (12).
g. Disassembled nut and measured bolt length (13).
h. Calculated the loss in preload (1.).
i. from (1_) and the load extension curves, the loss in pre-
load after cycling was determined.
Elevated temperature cycling tests were conducted, using fast
and slow heating rates on representative classes of fasteners.
The maximum applicable temperature for the fast cycle was
reached within one minute, employing the infra- red furnace,
and the time requires: to reach maximum temperature for the
elow cycle varied depending on the temperature desired. The
slow cycle tests were accomplished using resistance wound
Marshall furnaces. Figure L2 shows the test setup employed
for elevated temperature cycling using the fast rate of approach
in conjunction with the infra-red furnace.
Upon completion of cycling tests, the fastener assemblies were
tested in tension and shear at room temperature to determine
if there was any effect from cycling on the mechanical properties.
10. Cryogenic and Elevated Temperature Tests
a. Cryogenic Temperature Tests
(1) Tensile and Shear
The -423°F tensile and shear tests were conducted
ernploving a cryostat capable of enabling the test
specimen to be completely submerged in liquid hydrogen
for the duration of the test. All tests were conducted
on a 60, 000 pound Tinius Olsen Universal Testing Ma-
chine that is calibrated once a month to insure ac-
curacies of direct load reading of plus or minus one
per cent
Initially, the test specimens were placed i.. the
cryos±at employing special adapters, and the cryostat
in turn, was attached to the test adapters of the tensile
machine. After being attaches' to the test adapters,
the test specimens were then completely submerged in
liquid nitrogen (LN ) for a minimum period of three
minutes, after whlc the nitrogen was immediately
purged out with helium gas and replaced with liquid
hydrogen (LH Z ). The test s pecimens %vere then kept
completely submerged in the LH 2 for a period of three
minutes before test was initiated. The only deviation
from this procedure was for the #10 and 1/4 inch fas-
teners, which suhseq-iently were held for one minute
while immersed in the I.H 2 prior to testing.
(2) Cycling Tests
The cycling of test assemblies at -423° F was accom-
plished, employing the same procedures outlined for
tensile and shear except that the test assemblies were
kept completely submerged in LH 2 for a period of five
minutes. After five minutes, the test assemblies were
82
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Figure No, 22 Test Set-up for Thermal Cycling at Elevated Temperature
with Infra-red Furnace
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warmed to room temperature and the cycle repeated,
Figure 23 shows the cryostat employed for the cryogenic
tests in conjunction with the tensile test station.
b	 Elevated Temperature Tests
(1) Tensile
Tensile tests at elevated temperatures were conducted,
employing an infra-red furnace shown in Figure 24.
The maximum utilization temperature of all fasteners
tested was reached within one minute and held for ten
minutes before initiating test.
(2) Double Shear
Elevated temperature tests required that the maximum
utilization temperature be reached within one minute.
In preliminary tests, a. thermocouple was placed at the
center of the test specimen and one at the end as shown_
in Figure 25 to determine the variance in temperature
between the two points and the time required to reach
equality. The results showed that the time required
to reach equality for 1/4 inch and 1 /2 inch diameter
fasteners was four minutes and six minutes respective-
ly.
Subsequently, the #10 and 1/4 inch Fasteners werr held
for 14 minutes at maximum utilization temperature
prior to testing, and the 1/21 inch diameters were held
for 16 minutes. Figure 26 shows the test fixtures and
location of thermocouples in conjunction with the infra-
red furnace for elevated temperature double shear tests.
C.	 Thermal Cycling
The majority of thermal cycling was conducted, employing
resistance wound Marshall furnaces, electric furnaces,
and a Leeds and Northrup Homo furnace.
d.	 Stress Rupture
The maximum utilization temperatures for stress rupture
tests were obtained with resista.ce wound Marshall furnaces
with maximum operating temperatures to 2000 F.
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Figure No, 23 Cryogenic Te::t Station with Cryostat
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Figure No. 24 Infra-red Furnace in Conjunction with 30, UGL Pound Tinius
C:zea Tensile Machine
86
1Specimen
Inside
Thermocouple
Outside
Thermocouple
i
Figure No. 25 Thermocouple Location for Temperature; Determination
for Elevated Temperature Double Shear Tests.
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Figure No. 26 Elevated Temperature Doable Shea- T. est Set-up
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e.	 Stress R. 1. :,ativn
111'. waxitTlum	 t--'r 01c c•,lirder
stI'ess rela^:atlon t-• ats V -i5	 electric
D -iu;maces with niaxiI l-mi `.Jj.)L i tt'nL? tet 1 per - i'lrea tc , 1 00 r
II. Supplernentary Fgt:iprrrrent
a.	 Temperature \?<<s-:r ir.^ r rs
Fnr elevated tern ,?erature t:-sts, c lroniel-alumel thermo-
couples were used in ci:nj:tnc.ti'.),: -.vith Leeds and Northrop
Speediornax LAN temperature controller recorders. capable
of maintaining test temperatures ti% , itllin + 1 C O F.
E. DISCUSSION OF RESULTS
i.	 Tension Bolts and Cc,ntpar.'on Lockriuts
All the tension fastener combinations de-velc-peu the potential
strength of the base material at -423'F exce pt far t.'re titanium
base fasteners of Ti 6A1-4V and T: +Ai-12Zr. The data for
the titanium. fasteners show a significant decrease in the faste n-
er strength at -423'F. However, berth alloys exhibited the high-
est strength to densit •, ratio of the fastener materials tested.
The fastener combination of F IVB 22 nuts and 220 ksl H-11 bolts
attai-ed full tr_nsile strength at -423'F while the 1 ^: 922 nuts
failed 30 per cent below room temperature strength. Tie higher
strengths with the E7WB 22 nut were attributed to the increased
mass employ^ri in the design of this nut.
Size appears to have an effect on the tensile properties at -423°F.
The 1; 2 inch diameter- fasteners and . 35? inch specimens Showed
a drop-off in strength in comparison to the '_-10  and 1/4 inch
fasteners and . 113 specimens.
Thermal cycling at both temperature extremes did not have an
effect on the mechanical properties of the fastener corr,binations.
Loss in preload was recorded `or fastener combinations after
cycling at elevated temperatures wnich may be attributed to the
effects of relaxation. Table 16 is a cnmpiiation of the results
illustrating the loss in preload from cycling to elevated tempera-
tures. Figures 21 and 28 depict rnicrostructures of typical
fasteners subjectea to therm,• 1 c y cling to low and elevated ten-,--
pe ratures .
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TABLE 16
PRELOAD DETERMINATION BEFORE AND AFTER CYCLING
Cycles Ptuload Lora in
12 Times :ype of Initial Preload After Cycling Preload
Part No. Mate, al at • F Cvcle Pounds PSI Pounds PSI Pounds PSI
EWB161-3-1032 Wasp. +1400 Fast 1600 83,060 (1) 1000 51,900 600 31, 100
EWB16 1_5-1032 W aal, +1400 Fast 1600 83,000 (1) 980 50,900 620 32, 100
EW B1615-'_-032 Wasp. +1400 Fast 1600 83,000 (1) 940 46,300 660 34,200
EWb1615-1032 Wasp, +1400 Slow 1600 83,000 (1) 1000 51,000 600 31,100
LWB1615-1032 Wasp. +1400 S1cw 1600 83,000(1) 1030 53, 500 570 29,500
;^•_	 ; 1^ 2 Wrf!,-  tden clew 160C 83,000(1) 1030 53,500 570 29,500
NAS673-36 Ti 6-4 +400 Fas' 1660 83,000(2) 1600 80,000 60 3,000
NAS673-36 Ti 6-4 +400 Fa.. 1660 83,060(2) 1600 80,000 60 3,000
NA 5673-s6 Ti 6-4 +400 Fast 1660 e.l, UUU 1.} 1530 76,500 130 6,500
NA5673-36 Ti 6-4 +400 Slow ,660 83.G00 (Z) 1600 80, 0oo 60 3,000
NAS673-3u Ti 6-4 +400 Slow 1660 33,300 (Z) 1530 76,500 130 6,500
NAS673-36 Ti 6-4 +400 Slo" 1600 83,000 (Z) 1600 80,000 60 3 000
VSZ502-3-40 .-286 1200 Fast 2080 1^4,000 (2) 1190 59,50C 990 44,500
VS2502-3-40 A-286 1200 Fast 2080 104.000 (2) 1440 72,000 640 3Z,000
VSt502-3-40 A-286 1200 Fast Z080 104,000 (2j 1330 66,500 750 37,500
11;i2 l {sz_3._ a 0 y-286 1200 FaSt 2080 104,000 (2) 810 40,500 1270 63,500
YS2502-3 -NC A-29•j 1200 Fast 2080 104,000 (2) 1190 59,50U 890 44,500
VS=>ez-j-40 A- 296 Fast 2080 104,000 (2) 1250 62,500 830 41,500
V5250-2 -1-40 A -296 :"t0A -!ow 2080 104.000 (2) 11 a0 59,500 890 44, 500
VS2502-3-40 A -7.66 1200 Slow 2080 104,000 (2) 1140 5?, 000 940 47,00U
S-2 '- -Z-3-40 A-286 1ZO. 310w 2060 104, OOU (2) 1530 76,500 556 27,500
-52502-3-40 A-286 129u 181w.r 2090 104,000 (2) 1030 51.500 1050 5Z.500
152502-3-4, A-266 '206 510% ?080 104.000 (2) 1330 66,500 750 37,50C
*WBTM9-34 H-11 900 Fast 2Bilo 115,000(3) 17Zu 79,300 760 35,900
E L% TM9-34 H-11 900 Fast 2500 115, OCO (3) 1930 88,900 570 26,300
E ST`Q9-34 H-11 900 Fat•t 2500 I! 5, O0C iJl 1630 75,100 870 40,:00
EWBTNO-34 H-11 W. Slow 2500 115, 0:10 (s) :920 83,900 680 31,300
KW BTM9-34 4-1.1 9i3O Slow 2:cn 115, 000 ( 31 1630 75,100 870 40.100
EWBTIN19-34 H-11 900 Siew 2500 1151.000 (3i 1720 70,300 780 35.900
(1) Strews calculated at tensile stress area (, 003 red, ptC, h &a. + of , 01925 square tnc`es,
(2) Stress caiculated at tensile stress area of. 01999 s quare inches,
(3j Strews calculates_ at basic pack diameter of , 0217 s quare inches,
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:'NISI H-11 (220 ksi)
k S00
Ftch - 4% Nital
Ii 6A1-4V (160 -0
Mag. X 500
tch - FI F O FrNO3
& HZO
NZ
J^
As Received
.is C;: sled Ca 9C0° F As Cyc''-'	 4000F
As Received
As Cycled Ca -423° F As Cycled 0 -423°F
Figure No. 27 ?hotomicrostructure of "As Cycled" and "As Received"
H- 11 and Ti 6A1-4V Fastener Materials
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A-2K6 (200 ksi)
Mag • x 500
Etch - HC L, HNO i
HAC & H,)O
war	 1 `1^ ;^
^7t \ f ^^	 1
ice=	 ^'\^'^'h.	 YY +
As Cycled	 1200° F
W aspalo 150 ks
.tag• K 5UU
Etch - Ka11ings
Reagent
As Cycled n 1400•?'
As Received
	 As Received
1
0
As Cy cled 0' -423•F	 ':s Cycled @ -423° F
Figure No. 28 Photomicrc-structure of "As Cycled" and "As Received"
A-236 and Waspaloy Fastener Materials
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The 50 hours relaxation tests at maximum temperatures did not
have an effect on the mechanical properties of fastener combina-
t`ons except in the case of Waspaloy and A-286 fasteners. The
additional aging resulting from response to test temperature
during relaxation tests caused a change in the basic materiel
hardness which changed the bolt strength. For A-286 fasteners
overaging occurred, resulting in lower strength: and for Wasp-
aloy .aE,teners, further aging increased the strength.
The shear to ultimate strength ratio at -423°F of H-11 (220KSI)
material was slightly below the room temperature ratio. The
data shvc:s an inconsistencv at -423°'_- fur tensile tests but all
v p lues were above room temperature strengths. However, the
material showed a significant loss in ductility which in some
cases was non-existent at -423°F.
Test data on fasteners fabricated from Waspaloy alloy indicate
that this material is nc+tch ductile over the entire temperature
range of -423°F to 1400°F. The material ductility was the same
at -423'F and roorn ternperature with a percentage of elongation
on the order of 14 to 20 per cent. Waspaloy fasteners show
excellent properties for space vehicle applications.
The titanium alloys of Ti 7A1-12Zr ara Ti 6A1-4V could be
considered for cryt)geric applications in a limited capacity whel e
ductility is not a prime concern Tensil^: and double --hear
strength increased significantly at -423°F but fastener strength
was markedly lower than material strength, and shear to ul-
"_imate strength ratio was significantly loser than room tempera
ture ratio. The ratio was . 48 at -423" F and . 62 at room tem-
per; •_ture. It appears that these titanium alloys may be notch
sensitive at -423° F as evidenced by the lower fastener strength
with no indications of yielding.
Recent evaluation by the Aerojet-General Corporation of the ELI
grade Ti 6A1-4V, DMIC report of October 9, 1964, shows it to
have good ductility and notched to unnotched tensile ratios at
-423°F. Notched to unnotched ratios were above unity at -423°F
for specimens with a stress cc. entration factor of K 6. This
would indicate that the ELI grade of 6-4 titanium and po-sibly
7-12 titanium have better potential cryogenic fastener applica-
tion than the standard materials and would warrant further in-
vestigation.
The test data o p the high strength A-286 material and fasteners
show them to possess exce'' nt properties for fastener applica-
tions over the entire temperature range of -423°1 -' to 1200°F.
A-286 was the only alloy evaluated in Phase II that showed
increased ductility at -423° F. In addition, thread strength ex-
ceeded the actual material strength at al. temperature Levels
with definite indications that the material was notch ductile.
The amount of cold reduction induced during they fabrication of
the A-286 fasteners is unknown but room temperature material
strength indicated that is is probably between 35 and 50 per cent.
Nut galling and seizure was prevalent for the silver plated
Waspaloy locknuts for the application torque tests at 1 600 °F.
The test temperature was lowered to 1400°F, at which temper-
ature there was no indications of galling and seizure except for
the 1/4 inch nuts that failed after three Applications. It appears
that the maximum utilization temperature for Waspaloy fasten-
ers is 1400'F with limited applications at 1600°F.
The locking characteristics of locknuts were nor affected after
exposures to LH
ZZ 
and elevated temperatures in the stressed
condition. The ill G and 1/4 inch belts of A-286 failed after one
application after exposure at 1200°F'. A pparently the induced
load of 54 per cent of the rated ultimate strength was too high
for these fastener combinations, and the exposure to 1200"F
temperature reduced the beneficial ef.ects of cold reduction.
Catastrophic failures did not occur with the 1/2 inch diameter
bolts.
2. Shear Bolts and Con nanion Locknuts
The shear properties of Ti 6A1 -4V shear bolts were the same as
those previously mentioned for tension bolts "abricated from the
same material. The companion nut of AISI 4027 material us<ri
i.i conjunction with the 6-4 Ti bolt would not be feasible for cry-
ogenic applications. Brittle f-, ilure of the nuts occurred in
tensile tests at -4230F.
The shear bolts of H- 11 alloy heat treated to a strength level of
260 ksi do not warrant considerZLion for -423°F application. It
appears that this material becomes brittle at -4"23° F as evidenced
by shear results below those at room temperature. Further
evidence of this material's brittleness at -423° F was derived
from the tensile results of specimens which were below room
temperature properties and having little c r no ductility.
It should be noted that the double shear tests at -423° F of the
3/8 and 112 inch diameter fasteners were not completed. Cata-
strophic failure was Prevalent for the Vas,-o Max 300 shear fix-
tures. It is concluded that design and material selection were
the cause of these failures. New fixtures have been redesigned
and are being made from A-286 material.. Shear tests at -42301
of the 3/8 and 1 /2 inch diameter fastener s will be resumed upon
completion of the test fixtures.
3. Poirt Drive Bolts and Twist-Off NutE
The shear strength of all poirt drive bolts increased significant]
at -423°F. Tensile tests at -423'F produced head failures for
the 3/8 inch diameter 6-4 Ti and 8740 bolts in some cases Belo,
the room temperature strength which was attributed to head
design.
The 2024 a'_uininum twist-off nuts tested with cadmium plated
8740 bolts failed the ALMA #10 vibration test in less than 20, 00
cycles. The test was rerun with the same results. The same
type of nuts tested with 6-4 titanium bolts did not fail after
30, 000 cycles
	 This test is a severe vibration test and is not
cal-.ed out in the specification requirements of this part.
4. Jo Bolts
Jo Bolts fabricated from AISI 4130 alloy do not appear feasible
for cryogenic application as evidenced by the double shear tests
at -423°F. The data shows the shear strength in one test to be
below room temperature shear strength. On the other. hand,
Jo Bolts fabricated from A-286 show excellent properties for
cryogenic application down to -423°F. The data show a 75 per
cent increase in shear strength above room temperature she;;.r
strength.
It should be noted that the preload and u'*imate strength of A-V;
Jo Bolts. a *tai cycling ar.3 relaxation tests at 1200 °F, increase
slightly. ;t is theorized that the cold work induced by the swag-
ing operation in corlunction with the test temperature would
precipitate an increase in strength with a resultant increase in
preload.
5. Rivets
The data show that the shear strength of all rivets tested in-
creased significantly at -423°F. Solid rivets fabricated from
commercially pure titani •irn had a tensile strength below room
temperature strength. , However, since rivets are designed for
shear application, all the rivets tested in this program appear
feasible for cryogenic applicztion down to -423° F temperature.
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6.	 Environmental Corrosion Tests
A determined effort was made to correlate the results of sea-
coast enviranmental tests with those obtained under accelerated
salt spray atmospheres. Although a definite correlation could
not be ascertained, a pattern did exist wherein corrosion, as a
result of seacoast environment, was als%, exhibited in the salt
spray tests in a much shorter period of time. However, in cases
where stress corrosion was believed to have occurred at the sea-
coast, similar results did not occur in salt spray. As a result,
the corrosion resistance properties of a fastener assembly could
probably be determined employing the accelerated salt spray
tests; huwever, the determination: of susceptibility to stress cor-
rosion should be condu.ted tinder operatin ,- conditions such as
those experienced at the seaside location.
a.	 AISI H-11 Fasteners
(1) 2219 acid 7075 Aluminum Cylinders
Cadmium plated H-11 fasteners in cylinders of 2?-19 and
7075 aluminum with the chemical conversion coating per
MIL-C-5541 and dipped ,n a zinc chromate primer
(ZnCr 2 O 3 ) showed gooc' resistance to corrosion in both
atmospheres. 'There was no indication of fastener or
cylinder corrosion after four months.
The same type of aluminum cylinders in the anodized
condition showed evidence of corrosion after nine days
in salt spray and ten weeks at the sea-hore.
(2) 3?1 S/S and Ti 6A1-4%" Cv!inders
Nickel plate gave very little protection to H-11 `asteners
against seacoast and sal- spray atmospheres. Nickel
plated H-1 1_ fasteners, installed in cylinders of 321 stain-
less s-=eel, and 6-4 titanium cylinders, showed indica-
tions of red rust after one day in salt spray and two weeks
at the shore.
b.	 Waspaloy Fasteners
( 1 ) 221 9 and 70 7 `..Aluminum C ylinders
There appears to be a galvanic reaction between cadmium
plated Waspaloy and 2219 aluminum. Anodized and
alidined 2219 aluminum cylinders showed indications of
corrosion at the bearing surface after seven days in
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salt spray and six weeks at the seacoast.
On the other hand, cadmium plated Waspaloy fasteners
in conjunction with treated 7075 aluminum cylinders
exhibited good resistance to corrosion in both atmos-
pheres.
(2) 321 Stainless Steel Cylinders
A galvanic reaction was noted between tinplated Waspalc
and bare 321 stainless steel under seacoast environmen
The 321 stainless steel showed indication of red rest
after ten weeks. This was not evident in the accelerate
salt spray tests. This is the one e..ception which does
not follow the pattern previously mentioned.
(3) Ti 6A1 - 4V Cylinders
Unplated Waspaloy fasteners ins^alled :n cylinders of
bare b-4 titanium showed excellent resistance to cor-
rosion under both atmospheric conditions.
C.	 Ti 7A1-1ZZr Fasteners
(1) 2219 and 7075 Aluminum Cylinders
Cylinders of 2219 and 7075 aluminum witn the chernzical
conversion coating and zinc chromate primer showed
good resistance to corrosion underun r both atmospheric
co,:rlitions. However, the same type aluminum cyl-
inders, bare and in the anodized condition, indicate
that a galvan i c reaction is set up between them and
7-12 titanium fasteners in both atmospheres. Aluminui
hydroxide gelatinous Al (OH)
3 
was noticed at the as-
sembly bearing surface after one day in salt spray and
two weeks at the shore location.
(2) 321 Stainless Steel Cylinders
The corrosion resistant properties of 7-12 titanium in
conjunction with 321 stainless appears fairly good, but
a slight reaction does occur	 evidenced bE- indications
of red rust at the bearing surface of the 321 stainless
steei cylinders after 4 days in salt spray and 6 weeks
at the shore site.
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d.	 Ti 6 Al-4V Fasteners
(1) 7075 Aluminum Cylinders
Ti 6A1 -4V fasteners installed in 7075 aluminum cyl-
inders with a chemical conversion coating and dipped
in Z nCr 2 03 showed good resistance to corrosion. No
indications of corrosion were evident after 4 months at
both environments. However, anodized aluminurn showed
indications of corrosion after 6 days in salt spray and 8
weeks at the shore. Corrosion resistance %vas slightly
better with 6-4 titanium than with 7-12 titanium.
(2) 321 Stainless Steel
The corrosion resistance of 321 stainless steel in con-
juncticn with bare 6-4 titanium fasteners was good but
a slig`it reaction -x as noted after 3 weeks in salt spray.
Indications of red rust were present at the hearing sur-
face of the 321 stainless steel c y linder. It took l ^ weeks
under seacoast environment before indications were
noted.
e	 A-286 Fasteners
(1) 7075 Aluminum Cylinders
The best p rotection afforded plated and unplated A=286
in conjunction with aluminum structural material was
with the chemical conversion coating and Zn Cr ,
 O 
3However, the aluminum showed signs of corros on after
6 days in salt spray and 8 weeks at the shore in conjunc-
tion with cadmium plated A-286, but no corrosion was
noted with unplated semi-blind rivers after 4 months.
Anodized aluminum cylinders used in conjunction with
A-286 fasteners showed poor resistance to corrosion
and in the case of the serni•-blind rivet, it appears that
the 7075 aluminum material may be susceptible to
stress corrosion ur er seacoast environments. The
specimen shown in Fi-7ure 29 failed after 4 weeks under
the seacoast environrrient.
It should be noted that a galvanic reaction appears to
occur between silver plated A-286 and titanium tension
bolts. Red rust was noted on the nuts after ore day in
salt spray and 2 weeks at the shore location.
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Figure I1c, 29 Solid and Sam -blind Rivets of A-286 (Item. #120) and Pure
Titanium (Item fi I28) Installed in Cylinders of 7075-T6
Al n-linum.
Cylinders apparently failed by stress corrosion after
exposure to seacoast atmospbcres tot- 4 and 12 week,
respectively,
99
(2) Ti 6A1-4V Cylinders
Bare 6-4 titanium cylinders appear to show good re-
! sistance to corrosion in conjunction with A-286 fasten-
ers, although red rus: was noted at the bearing surface
after 2 1!2 months in salt s?ray.
f. Pltre Titanium
(i) , 077 Aluminum Cylinders
The aluminum cylinders with the chernical conversion
coating and Zn Cr. 0 3 showed good resistance to cor-
rosion in conjunction with pure titanium rivets. It also
appears that 7075 aluminum is susceptible to stress
corrosion in conjunction with lure titanium under sea-
coast atmospheric conditions. The specimen shown in
Figure 29 failed after 12 weeks.
g. U-212 Fasteners
The corrosion resistance properties of U-212 fasteners in
conjunction with structural materials of aluminum and ti-
tanium appeared to be slightl y better than those exhibited
oy A-286 fasteners under the same conditions previously
mentioned. Anodized and alodined 7075 aluminum showed
no indication of corrosion under seacoast environment with
U- 212 fasteners.
h. Ti 1A1-8V-5Fe
The corrosion resistance properties of 1-8-5 titanium fas-
teners in conjunction with 7075 aluminum and 321 stainless
steel structural materials are about the same as those prop-
erties exhibited by 7-12 Ti an •3 6-4 Ti fasteners except in the
case of bare and anodized aluminum cylinders which appear
to be susceptible to stress corrosion under seacoast atmos-
pheres. Sho ,,c, n in Figure 30 is a bare 1-8-5 titanium tension
bolt installed in bare 7075 aluminum and exposed to seacoast
environment for 8 weeks.
i. Inconel 718
The corrosion resistant properties o: this nickel base alloy
wer about equal to those properties exhibited by Waspaley
material.
4
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Photographs of all tested assemblies except the ones still
at the shore are shown in Figures 31 thruugh 36. Also, the
results of all corrosion tests are shown in :abler i7 and
18.
u,ft
f
1
Figure No, 30 Ti lAl-8V-5Fe Tension Bolt Installed
in 7075-T6 Aluminum Cylinder,
ailure was apparently due to stress
corrosion. Specimen was exposed to
seacoast atmosphere for 8 week;;,
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TABLE 1
RESULTS OF SEA COAST ENVIRONNIENTA 7, CORROSION TESTS
Fast.ner Structur., Matertai
Afatenal Fastener Coatir g Material Structural Costs ., Remarks
+1S3 14-11 Barr. 7075 Ai Bare He-1 red rust tin fastener after 2 weeks.
Cadmium Plated 7075 Al Mil-A-8625 Flaking of cadmium plate on bo..	 errat	 16 weeks.
Cadmium Plated 7075 Al Mil-C-554: k 7nCrZ03 Fl.sking of cadmium plate or.'iolt acre 	 .an to weeks.
Bare 321S/5 Pare Heavy red rust on fastener after 2 -• 	 ks,
Nickel Plated 321 S ' S Bare Slxgtd red rust en fastener after L weeks.
Bare Ti6A,-4V Bare Hea-r red rust on fastener after Z %cc".
.Nickel  Plated Ti6AI-4: Bare Slight red rust on fastener after 2 weeks.
N-aspaloy Bare 707! Al Bare .11(01413 a • uear : r • surface of cylinder - 4 weeks.
Cadmium Plated 707S Al blil-A-8625 A:(OH) 3 at bearing surface of cylinder - 10 weeks.
Cudmmm Plated 7075 Al Nlu'-C-5541 k Z.CrZ03 Flaking of cadmiu m ?late on nut serration - 13 weeks.
Late 2219 Al Bare Al ( OH)3 at bearxrg s.irface of cylinder - 2 weeks.
Cads im Plated 2219 Al -.W-A-8625 A10-40 at bearing surface of cylinder - 6 •a erks.
Cadmium dated 2219 Al 261i1 - C-5541 kZnCr 20; .4j (0 H)3 at bolt bearing surfaces of cy :inder - 6 weeks.
Bar! 321 5/5 Bare Slight red rust at beating surfaces of ;yl:nder - 10 weeks.
Bare Ti6Al-4V Bare No indications
117AI-1ai.i Bare 7075 Al Bare A3(OH)3 at bearing surface of cylinder - 2 weeks.
Bare 7075 -	 ii-A-8625 A1(OH ) 3 at bearing surface of cylinder - 10 weeks,
Z.Cr203 7075 Al tai.-C-6.41 kZncsZ03 No indications.
Bare ZZ19 Al Bare Al(OH)3 at bearing surface o: cylinder - 4 weeks.
P	 - 2219 Al I1:1-A-8625 AI(OH)3 at bearing surface of cylinder - 6 weeks.
LnC4203 2219 Al Mil-C-5541 k ZnCr203 No indications.
B.. re 321 S/S Fare Red rust at head beartnk e •_-:acr - 6 weeks,
-	 TibAI-4V Bare 7075 Al Bare Ai:OH) 3 at bearing surface - 8 weeks.
Baru 7075 Al Mii-A4625 AT(OH)3 At bearing si-rfaee - 8 %oaks.
7nC r203 7075 Al Mil-C-5541 11,ZnCrZ03 No xndi:.tens,
Bare 2214 Al Bare Al(OH)3 at hearing surface - 4 weeks.
Bare 2219 Al MU-A-5625 AI(OH)3 at bearing surface - 4 week,.
Zn(- r20', 2219 A: Mu-C-5541 k ZnCrZ03 No indications.
Bare 321 S"_1 bare Red rust at cylinder joint - 12 weeks.
--A-Zsb	 -  Bare 7075 Al Bs - e AltOH ) 3 at bearing  surface - 2 weeks.
Bolt Cadmium Plated 7075 Al M;t	 A-8625 .41(0-4)3 at bear:n„ surface - Z —ka.
Bolt Bare 7075 Al \..1-A-8625 Al(OH)3 at baar,..g crf.cr - 2 .erks.
Bolt Cadmium Plated 7075 Al Mil-C-5541 k Zn Cs203 Al(OHi3 at nut b-arxng surfacr - 6 weeks.
Rivet Bare 7075 Al \1.11-...8625 Failed it Gress corrosion in 4 weeks.
Rivet ZnCrZ03 7075 Al Mil-C-554I Ill Znur Z03 No indications•
Rivet Bare T.6A1-4V Bare Light red rust on swaged collar - 2 weeks.
Bolt .are TtbAi-4v Bare Light red rust on belt serrat:c	 - 2 ..erks•
Nut witL b-4 Ti Silver Plated 7075 Al Mil-L-5541 L ZnCrZ03 Light red rust on nut - 1 weeks.
Nut with 7-12 Ti Silver Plated 7075 Al Mil-C-5541 4 ZnCt2V3 iz&4: rei rust an nut -4 weeks.
2024 Al nut with Mx:-A-8625 701i Al 3111-A-8625 AI(OH)3 ge:atin noted on twist oft r"t - lu -veks.
6-4 Ti bolt Nc:	 Lilt
2024 Al nut wotix Afil-A-eo25	 7-CrZ03 7075 wI Mil-C-5541 k ZnCrZ03 U(OH)3 eelatan noted on twist ofi n-it - 16 w-eks.
0-4 :i bolt Ml' -A-8025	 ZnCrZO3 7075 Al Mil-C-5541 k ZnCrZ03 AI(CH)3 gelatin noted or twist off nut - I6 weeks.
2024 A: -ut with A- 0-A-8625
	
Cad. Plate 7075 Al Mil-f. - 8625 Al(OH)3 gelatin noted on twist off nut - 10 weeks.
A151 8740 bolt Mil -A -8625	 Cad. Plate 70:5 Al Mil-C-S541 k Zr.CrZO3 Al(OH ) 3 gelatin rated on twist off nut - IZ week e•
Pur. T: Bare 7075 A Bare Light Al(OH)3 It bearing —faces - 7 ••.erks	 —^
A pparent stress corrosia, of cylinder - 14 weeks.
Barr 7075 Al Mil-A-8625 Same as Bare 7975 A!
Z.CrZO3 7075 Al Aiil-C-5541 kZnCrZ03 No indicatsaos.
Bare 22Ic Al Bare light Ai(OH)3 at bearing surfaces - 2 weeke.
Bare 2210 Al Mil.A-8625 L)g7 t A11040 et bearing surface - - weeks,
Z.Cr203 2219 Al Mii-C-°541 kZt.CrZC3 NO 1 •rlicau Ors.
Bare 3Z1 S!S Bars Red rust at bearing suriace of 515 - 4 weeks.
U-212 ° are 7075 Al Bare Al(OH)i at bear .g surface of cyix..dcrb - 2 weeks.
d, P -Led 7075 Al Mxi-A- 8625 No indication,
cad.	 Plated 7075 Al Mil . 0-5541 k ZnCr ZC 3 No indicatons.
Bar. Ti6A)-4V Bars
--_—
Light red rust at bearing eu:faces - 8 week I.
-_-	 TilAI-8V-5Fr Bare 7075 Al Bare Al(011 ) 3 at bearing sur ace -	 eeks - cy:.ndrr cracked
Bare 705 Al Mil-A-8625 AI(OH)3 at bearing suriace -	 —As - cyAnder cracked -:4wks
ZnCrZ03 7075 Al lfil-C-5541 k Z.r.Cr2O! AO mdiuticns.
Bare 321 -/S Bare R:d rust at joint s:irfaee - 12 we^u,
Inco 71. Rare	 —_+ 7G75 Al Bare Al(OH)3 at bearing surface - 2 u..3 a.
Ci, Plated .Oit$ Al ... i-A-6625 Na indicatfcns
Cd.	 ?'•tee. 7075 A: \fil-i.--541 k ZnCrZC7 No indication.
_ Bare T1 6AI-4V ?are No indr,at,l-,
--_—Vasco Max. 300 Results wcre similrr to those of H-I I fasteners and structural materia'^-
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TABLE 18
RESULTS OF ACCELERATED SALT SPRAY (5 016 Na Cl) CORROSION TESTS
Fastener	 Structural	 Structural
Mat— L	 Fastener Coating	 Material	 Mater:al Coating	 Remarks
AISI H-I l Bare 7075 A i Bare Heavy red rust on bolt and nut - one day,
Cadmr .n Plated 7975 Al M;I-A-9625 Al (OH) 3 On end of cyl..d,r 	 - 9 days.
Cadmium Plated 7075 Al ]til-C-S541 4 Z.Cr203 Nut turning black - 9 days,
Bare 321 SIS Bare Heavy red rust on bolt sued nut - one day.
Nickel Plated Z1 515 Bare Red rust or bolt threads - ona day.
Bare TtbAi-4V 9-r. Heavy red rust on bait and nut - one d,-. .
Nickel Plated Ti6A1-4V Bare Red rust on u.....:rr_dr -one da,.
Waspaloy Bare 705 Al Bare At (OH)3 gelatin at bearing surla, e - one d iy.
"cimium Plated 7075 At Mil-A-h625 Al (OF)j gelatin at braring surface - 4 weeks,
Cadmium Plated 7075 Al Mil-C-5541 4 Z,rCr203 Discoloration at bearing surface - light AI(OH)3 8 weeks.
rare 2219 Al Bare Al (OH)3 gelatin at hearing surface - one day.
Cadmium Plated 2219 Al \lii-A-8625 Al (OH)3 ge:atin at bearing surface - 7 dad a.
Cadmium Plated 2219 Al Mil-C-5541 Ii ZnCrZ03 Discoloration at bearing surface - light Al(OH)3 - 4 weeks,
Bare 321 5/S Bare Discoloration at bearing surface - 8 days.
Bare T:bAI-4V Bare Discoloration, at bearin •; surface - 9 days,
T17Al-lZZr Bare 7075 U Bare a(OHI3 at bearing surface - one day.
Bare 7075 Al \lit-A-8625 Al(OH13 at bearing surface - 4 days,
ZnCrZO 3 7075 Al Mil'-C-°541 kZc.Cr203 Al(OH)3 at bearing surface - 9 days.
Bare 2219 Al Bare Al(OH)3 at bearing surface - one day.
Bare 2219 Al Mil-A-8625 Al(OH13 at bear1Pg surface - one day.
ZnCr203 2219 .'-1 Mil-C-5541 k ZnCr203 No Indications
Bare 3Z1 5.'S Bare
TibAl-4V Bare 7075 A! Bare A1(OH)3 at bearing surface - one day.
Bare 7075 Al Mil-A-8bZ5 A1(OH)3 at bearing surface - 3 day's.
ZnCr203 7075 Al l.i'.1-C-5541 6 Z.Cr20? No indications of A!(OH),. - head discoloration - 6 weeks
Bare 2219 Al Bare A110H)3 at bearing surface - one day.
Bar. 2219 Al %!.I-A-8bZ5 A1(OH)3 at bearing s •lirface - one day.
LnCr 2 ) 3 2219 Al Mil-C-55-ii A. ZnCr2O3 No indication of .' 40H)3
Bare 321 S/S Bare
A-286 Bare 707SAI Bare A.'(OH)e gelatin at bearing surface - 3 days.
Bolt Cadmium Pitted 7075 Al Mil-A-8625 Ai(OH)3 gelatin at bearing surface - 3 days.
Bolt Bare 7075 A'. Atil-A-8625
Bolt Cad^tium Plated 7075 Al Mil-C-5541 k ZnCr203 AI(OH)3 at nut bearing surface - 6 days.
Rivet Bare 7071 Al 111:1-A-8625 Al(OH)3 at bearing surfaces - 2 days.
Rivet ZnCr2 03 7015 Al Mi:-C-5541 GZnCr2O3 Shght indication of Al(OH)3 - 4 weeks no heavier - :2 weeks.
Rivet Bate T.6A1-4V Bare Light red .rust on heal - one day - remove after one month.
Boll Bare -i6A1-4V Bare Light red : ust on nut - 3 days - no changes - b weeks.
Nut with 6-4Ti bmt Silver Plate 7075 AI Mil-C-5541 k Zi- :-203 Slight red rust on nut -	 days,
Nut with 7-12 Tiboit Sliver Plate 70,5 Al Mil-C-5541 ! ZnCr203 Slight red rust on nut - o ne day.
'	 2024 Al with Mil-A-8625 7075 Al 161[1-A-14635 .Al!0H)3 gelatin on twist off nut - one day,
6-4 Ti Bolt Nit	 Bolt
2024 Al with Atil-A-8625	 ZnCr203 7075 Al Mil-C -5541 i ZuCtZ 03 Ai(OM3 gelatin on twist off nut - o weeks.
6-4 T . Bolt Mil-A-8625	 ZnCr203 7015 P-1
•
2024 At nut'• NIA-A-5`625	 Cd.	 Plate 7075 Al AGl-'.-8625 Al(01-f13 gelatin on twist off nut - 8 days.
ALSid740 Bolt Mil-A-8625	 Cd. Plate 7075 .-,1 h91-::-! 541 & ZnCrZ03 AI(OH)3 gelatin on twist off out - 9 days.
Rare Ti Bare 7075 At Bare Al(OH)3 gelatin at bearing surface - one day.
Bare 7075 At MA-E.-0625 Al(OH)t gelatin on bearing surfac(- - 2 days.
ZnCr Z03 7075 Al Mil-C-554: i Znrr_ P3 No :rdicaticns
Bare Z219 .SI Bare AI(OH)3 gelatin at bearing surfar 	 - 3 days.
Bare 2219 P.1 Mil-A-8o25 .=.1(OH)3 gelatin at bearing surf:., e - 3 dale.
Zn Cr Z0 3 2219 Al Mil-C-5541 k ZnCr203 No indications
Bare 321 5/S Bare Red rust at bearing surface - 7 weeks.
U-212 Bare 7075 Al Bare Al(G-)3 gelatin at bearing surface - one day.
Cd. Plated 7075 At Mil-.1-8625 Discoloration of bolt hea-	 - one week.
Cd. Plab:d 7075 At Mil-C-5541 k ZnCr203 Discoloration of bolt head - one week,
Bare T16M-4V Bare Red rust on nut and bolt - 7 days.
TilAl-8V-5Fe Bare 7075 At Bare Al(OH)3 relann at bearing surface - one day.
Bare 7075 Al Mil —8625 Al(OH)3 gelatin at bearing surface - 5 days.
ZaCr203 7075 At Mil-C -5541 k ZnCr203 No indications.
Bare 3Z1 S/S Bare No indications.
loco 718 Bare 7075 Al Bare A1tOH)3 gelat.., at bearing eurfacc - one day.
Cd. Planed '075 At Mil-A-8625 Discoloration at bearing surfaces - no other ;Pdications.
Cd. Plated 7075 Al MO-C -5541 & ZnCr203 Flaking of Cd.	 Plate - -
i	
eeke.
W14Bare Ti6Al -4`I Bare Slight red rust at joints 	 days.
Vasco Max. 300 - Results were nmilaa to ttrse of H-11 fasteters and utrucr , ral —serial.
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SECTIGN IV
UNIQUE TESTS FOR FASTENERS FOR SPACE VEHICLES
The objective of this phase of the program was to determine, throug
the survey, what special tests were required to insure reliability in fastener
to he used in the unique conditions experienced ')y space vehicles. These tes
were then `o be conducted, and if the tests were significant, to bt -,uggested
for incorporation into Either new or existing specifications.
A, RES ULTS O F SURVEY
From the survey it was determined that space vehicles, as presenti
conceived, would encounter several load conditions and environments not ger
erally experienced by commercial machinery or aircraft. Some of these are
I. Severe cryogenic temperatures to -423` F.
2. E-tremely fast rate of heating or cooling.
3. Outer space conditions of vacuum, magnetic fields, and radia-
tion.
The net result was that the following were suggested for detailed in-
vestigation:
1.	 Mechanical propertie of fastener s17-^ar and tensile strength
at liquid hydrogen temperatures of -4230F.
Z. Impact properties at cryogenic temperatures_
3. Effects of cryogenic thermal cycling on the mechanical prop-
erties.
4. Stress corrosion properties when used in conjunction with
cryogenics, lubricants, structural materials, and fuels.
5. Reactions to liquid fuels such as LH2, LOX, and FLOX.
6. EPects of radiation and vacuums.
7. Magnetic properties.
B. DISCUSSION OF `YORK ACCOMPLJSHED
Of the work indicated by the above li..t, some was completed, some
eras considered outside the scope of this contract, and sume will be conaid-
ered during the following year.
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1. Mechanical Properties at -423° F
The tensile, yield, and shear strengths of all the fastener com-
binations and their base alloys were--determined at -423° F in
liquid hydrogen. The value _ of these tests was demonstrated by
the variation in results. In cases of severe embrittlement, all
strength values fell below those at room temperature. And where
there was no indication of-embrittlement, the properties at -423°F
increased over those at room temperature..
In addition to these two clear cut cases, some fasteners showed
an increased tensile strength at -423°F while the shear strength
at the same temperature decreased below room temperature
properties. The conclusion is that fasteners to be utilized at
-423°F should be inspectic,n tested at -423°F in tensile and shear.
Requirements based on statistical sampling should be added to
existing specifications.
2. - Thermal Cycling to -423 °F
The results of thermal cycling loaded _`aster.ers between -423°F
and room temperature are discussed in other sections. The
conclusions were that there were neither mechanical nor metal-
lurgical --ffects. For this reason, no requirement need be added
to anv fastener specifications.
3. Thermal Cycling tc T'levated Temperature
The loaded fa.stener6 were also thermal cycled from room tem-
perature to the maximum utilization temperature of the fastener
combination.. '1 he chief concern was the very fast rate at which
the fasteners were heated. Fast heating proved to be no different_
from slow heating. ',-!so, the mechanical result-, proved no dif-
ferent tha-a was expected after static exposure at the same time
and temperature. No additional s pecification requirements are
needed to cover t-igh temperature thermal cycling.
4. Stress Cc; •-rosion
A program described elsewhere in this report was conducted to
determir..^ the fastener stress corrosion susceptibility with var-
ious combinations of lubricants, corrosion barriers, coatings,
and structural alleys. This was done in a salt spray cabinet and
at the oceanside. While there was no straight line correlation
of the res, l ts obtained by both methods, in some cases the
resuits Obt <i:.ed in *he seaside tests were more seve re than the
Bait spray cabinet tests. The designer of aerospace vehicles
should be :,ure that the fastener joint has been tested ir. a seaside
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atmo^phsre to insure stress . corrosion-- reliability o_` tie F pint
design ., The-many" - combinations of-joint design dc not lend
r -	 easily to, incorporating; stress corrosiou 	 iiire^^ exits into
fastener specifications-._
-^ C- FUTURE WORK
r	 The testing at -423 °F showed some interest - g _results.. Some-ma
-	 terials, such as H -11, have	 increaseiri materia] strengths, bolt ultimate'
and bolt- shear strength.- On the surface- this would appear to make H-I-1 a
usable material at 423°F, but other data on charpy-specimens-i-ndicate=poor
resistance to impact at . the cryogenic temperatures. It becomes clear that -`
other tests are needed to - determine the future of these-fasteners- at -.423°F.
Tests in Phase IV of this program indicate . that V-notch with a Kt8 does_ not
tell the story either.
Tests to be conducted on the bolts of Phase II are:
1. Angle block tests at -320° F and at -423° F. Angle will be placed
at bearing surface of tie nut to determine dual effect of increase
localized stress and cryogenic temperature.
2. Tension impact of the bolts at -320"F,  and_ if practical, at
-423° F.
3. Vibrat on cf the ,oade-i nut--bolt combination; at -320°`F.
4. Tension-tension fatigue at room tempE rat•ire.
Fasteners showing positive results under a?: these conditions should
be applicable for use at -423° F.
:i3
SECTION V
PHASE 1V -- POTENTIAL HIGH STRENC TI-I FASTENER
MATF'RIALS EVALUATION
As a result of the survey, the five material- shown in Table 19 were
selected in conjunction with the Contracting Officer's Technical Representa-
tive for e- aluati-n as potential high strength fastener alloys. The materials
selected fall within the r ase alloy groups of titanium, iron, and nickel. The
alloys are either new alloys c r modifications of existing alloys.
A. MANUFAC : URiNG
The 'ive alloys viere fabricated into 1/4-28 twelve point tension bolts
with the exception of the 25 per cent cold reduced Waspaloy material which
was made into stL—is with 1/4-28 threads at both ends.
Slugs with 1/2 inch outer diameter and 1/4-28 internal threads were
used as companion nuts. The nuts were fabricated frc , rn the same material
as the compar..ion bolt or stud, and en--_lnloyed the same heat treatment. Fig-
ure 37 de pict- the selected materials fabricated into .he form of :aiteners
for evaluation.
Man,ifacturirg and heat treat processes were as follows:
1.	 Ti 1 Al-8V-5Fe
a. foot forged 12 paint head
b. Solution treated - 1425'F - 1 hr water quenched
c. Age hardened - 950°F - 2 hrs air cooled
d. Rolled threads.
2	 U- 212
a. Hot forged 12 point head
b. Solution treated - 1850°F - 2 hrs water quenched
c. Rolled _hreads
d. Stabilized - 1425°F - 2 hrs air cooled
e. Age hardened - 1250'F - 16 hrs air cooled.
3. VascoMax 300
a. Hot forged 12 point head
b. Solution treated - 1500°F - 1 hr air cooled
c, Age hardened - 900'F - 3 hrs air cooled
d. Rolled threads.
1 15
	4.	 Inconel 718
a. Hot forged 12 point head
b. Solution treated - 1800°F - 1 hr water quenched
C.	 Rolled threads
d. Age hardened 1325° F - b hrs - furnace cooled to 1150° F -
held 8 hrs air cooled.
	
5.	 Waspalc,
a. Solution treated - 1900 0 F - 1 hr crater quenched
b. Cold extruded 25 per cent (.312 inches to .269 inch?s)
C. Acye hardened - 1400° F - 16 hrs air cooled
d.	 R-?led threads.
Listed in Table 20 are the chemical compositions of the five mater-
ials evaluated.
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TENSION FASTENERS - PHASE 1V
Material
U-212
180 9 000 psi
Material
Ins oncl 718
180 1 000 psi
Material
Ti-1Al-SV-5Fe
200, 000 psi
?Material
^'.'a spa 1oy
220, 000 psi
Material
VASCO Max. 300
260 9
 000 psi
Figure No. 37 Corn i)osite Photograph of Tension Fast:mers Evaluated
in P11<<se IV
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B. TEST PROGRAM
The test program for the evaluation of potential high strength fas-
tener materials is shuwn in Figure 38. Except where noted, the test pro-
cedlires were the same as those r'escribed in Sectio* 111.
	
1.	 Tensile
a. Bolts
Tensile tests to determine ultimate strength and yield
strength were conducted at -4Z3° F ^(,jom temperature,
and maximum utilization temperatures.
b. Smooth Specimt. ns
To evaluate the base alloy froin which the bolts were fab-
ricated, standard . 113 inches tensile specimens made from
the bolts were tested at -423 0 F, room temperature, and
maximum utilization temperature. Percentage of Elonga-
tion was determined using a , 50 = tech gage length.
C. V-Notch Specimens
The notch to .3rnooth tensile relationship of the alloy from
which the bolts were manufactured was determines'
V-notch specimens with a stress concentration factor of
Kt8, as shown in Figure 39, were tested at the same
temperatures as the smooth specimens.
2. Double Shear
Double shear tests were conducted at -423°F, room tempera-
`ure, and maximum utilization temperature.
	
3.	 Stress Rupture
Stress rupture properties for ten hours were Bete. ^nined at the
maximum utilization temperature of the bolt.
	
4.	 Stress Relaxation
Residual stresses were determined for 50 hours' a %posure at
maximurn utilization temperature employing one initial pre-
load. The initial preload was 80 per cent of the room tempera-
vAre torque versus induced load yield strength of she fastener
assembly.
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S.
	
Corr(js.i ,)r. Resistance
Cor:, osion resistance tests were conducted tinder zieaicoaAt %rel
+wce.erated salt spray atmospheric CLnditions.
6.	 Coeffi:.ien. of Thermal Expzmsion
Coefficients of thermal e.;pansion were derived from data hup
plied try the Jet Fngine Depar*ment of the Ge"er%l %tectr^c
Prehulsicn Labornvory.
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TEST PROGRAM - PHASE IV
EWB TENSION BOLTS
K
'art Number
Material
Tensile
. FSmooth
Specimen
-42.x° F . 113
70 O F . 113 I
Max. . 113
-4
V-Notch
Specimen
1-423 0 F	 Kt&
70°F	 Kt8
Marc.	 K,8
Bcit
-423° F 1/4
70 °F 1/4
Max, 1/4
Double Shear
Stress Rupture
L Max, T e m
Relaxation
Ma:^., Temp
Corrosion Resistance
Sea Coast — Sait Spra
Coefficient of
Thermal Expansion
-423° F
	
1/4
70°F	 1/4
MaN.	 1/4
10 hr, life 1 1/7
Preload A 1 1/4 1
707 Al	 1/4
2219 Al
	
1/4
Ti-6A1-4V 1/4
321 S/S	 1/4
Figure No. 38
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C. DISCUSSION OF RESULTS
1. Ti IAl-8V-3Fe
The 185 titanium alloy is not suitable for cryogenic fastener
application. At -423° F, the material becomes brittle and
extremely notch sensitive. The tensile and double shear results
show a signficant decrease in both thread strength and shear
strength compared to room temperature strengths. The V-
notch tests (Kt8) showed a . 24 notched to unnotched tensile ratio
at -423° F compared to i. 1C at room temperature. Results at
-32,0°F were similar to those at -4230F.
2. U-212
Fasteners fabricated from U-212 alloy showed definite suita-
b_lity for cryogenic utilization to -423° F. This material pos-
sesses excellent strength and notch ductility over the entire
temperature range of -423° F to 1200' F. it should be noted that
the ductility of U-212 material ,,, as higher at -42^'F t -.zan at
room temperature.
3. Vasco Max 300 (18 07, Ni Maraging Steel)
Fasteners made from Vasco Max 300 alloy could be utilized in
a liinited capacity at -423° F -- primarily for tension applica-
tions. This material had the highest belt and material tensile
strength of the fire alloys tested; however, shear strength at
-423°F decreased significantly in comparison to room tempera-
ture shear strength. The shear to ultimate ratio at -423°F
was . 35 compared to .62 at room temperature.
The notch geometry appears to have an effect on Vasco Max 300
alloy at -423° F. Tensile tests at -423°F of V- notch specimens
(Kt8) shoved a significant decrease in strength below room
temperature properties, but the thread strength of fasteners
increased significantly at the same temperature. As previously
mentioned, this material was employed for cryogenic double
shear fixtures and proved unsatisfactory in the testing of large
diameters.
4. :.iconel 718
Fasteners fabricated from Inconel 718 alloy shoved considerable
promise for cryogenic application. T he alloy has excellent
strength and notch ductilit y over the entire temperature range
of -423'F to 1200"F.
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5. 25% Cold Reduced Waspalo
Waspaloy material cold reduced to a 220 ksi stress leve? showed
definite promise for cryogenic fastener application down to
-423°F. The material has excellent strength and notch ductility
over the entire temperature range of -423 0 1' to 1400' F.
Further %. o:-k is required to develop a method for heading this
material without destroying the benefits of the cold work and to
develop an age hardening process that would eliminate the
strain age cracking that occurs during heat treatment. F:aure
32 shows a blank of 30 per cent cold reduced Waspaloy after age
hardening. No cracks were evident before age hardening. The
reduction was dropped to 25 per cent but cracks were still evi-
dent on some of the extruded and aged blanks. A sufficient
number showed no indication of cracks, therefore the evaluation
of this alloy was conducted.
.As a result, the problems of heading and age hardening cold
reduced Waspaloy remain to be solved before high strength
Waspaloy can be utilized for space vehicle fastener applica-
tions.
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Figure No, 40 Photomacrograph of 30 per ,_ent Cold Extruded and Aged
Waspaloy Material
1Z6
SE';TIOiv VI
CONCLUSIONS
A. SURVEY
1. The seventy to ninety per cent of structural applications involve
shear loading. The majority of engine applications involve ten-
sile loading.
2. A-286 appears to be the most commonly used fastener material
in strength levels ranging from 140 ksi through 200 ksi.
3. Strength to density ratios of fasteners are becoming increasingly
important.
4. High temperature applications are comparatively few in number,
and concentrated in the areas of engines, structural areas in the
vicinity of engines, and re-entry vehicles. A-280 and Waspaloy
allcys doi_zinate the field.
5. Aluminum fasteners are confined to rivets.
6. The survey showed that very little data exist on the cryogenic
properties of fasteners, particularly at -423°F.
B. FASTENER AND POTENTIAL HIGH STRENGTH FASTENER EVALUATIO]
Corrosion resistant iron base alloys, nickel base alloys, and
aluminum base alloys showed definite suitability for space
vehicle applications from -423°F to their respective maximum
utilization temperatures.
2. Fasteners fabricated from AISI I.1- 11 alloy- heat treated to a 220
ksi stress level and the titanium alloys of standard Ti 6A1-4V an
Ti 7 y 1-i27r, could be considered for cryogenic applications dov
to -423°F in shear only if combined bending is not prevalent.
These materials c'o not exhibit a yield strength as fasteners.
3. Diameter ap pears to have a significant effect con the mechanical
properties of fasteners at cryogenic temperatures. Increasing
diameters in all materials showed a decrease in mechanical
properties at -4230F.
4. The locking characteristics of nuts were not affected by thermal
crc'ing at both temperature extremes.
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Thermal cycling at cryogenic and elevated temperatures does
not affect the mechanical properties and microstructure of
fasteners and .materials except for preload, which decreases
because of normal stress relaxation. The speed of temperature
application lead no effect on the mechanical properties.
6. Stress relaxation at maximum temperatures does not affect the
bolt properties except in the cases of A-286 and Waspaloy
fasteners where over-aging and additional aging are encountered.
Corrosion resistance is greatly enhanced by a coating of zinc
chi mate primer (Zn Cr 0 3 ), particularly with titanium fas-
teners in conjunction wit aluminum structural material.
8. 7075-T6 aluminum structural material appears to be s,lscept-ble
to stress corrosion under seacoast environmental a'- sTA-e•res
when used with pure titanium and 185 titanium faste , _ s.
9. The determination of a material susceptibility to stress cor-
rosion s': 3uld be conducted under conditions that closely approx-
imate actual usage. Indications of stress corrosion were noted
under seacoast environments, but not in accelerated salt spray.
10. The 18 per cent nickel maraging steel (Vasco Max 300) appears
to have limited tensile fastener application at -423'F, because
shear strength drops off significantly at -423° F compared to
room temperature.
11. Further work in the areas of developing a heading and heat treat
process for cold reduced Waspaloy is required before this materi-
al can be utilized as a complete fastener.
12. To adjudge tra suitability of a fastener at -423°F, the fastener
must be tested, since no one test or combination of tests is
adequate.
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APPENDIX I
TEST RESULTS
TENSION BOLTS - PHASE II
IZ9
TABLE I
SUMMARY OF RESULTS
EWB TM9 & FN 922 - MATERIAL - H- 11 (220 KSI)
Ma • -^rial Properties -
0. Z% Offset
U. T.	 S.	 - KSI Yield - KSI Elongation - To
Te st
Temp #10 1/4 i,12 #10 1/4 1/2 #10 1/4 1/Z
-423° F 354.8 343, 2 220.4 N. Y. N. Y. N. Y. 2.0 -
363. 6 350. 5 271. 4 N. Y. N. Y. N. Y. 2.0 -
295. 5 249.0 226, 1 N. Y. N. Y. N. Y. -
70° F 240.9 244.7 242. 7 221.5 239. 5 211.0 10.3 10.0 14.2
2h8. 1 247.4 246.2 240. 7 229.5 214.0 10, 0 10, 0 14.2
238. 3 244.8 241, 3 229. 6 227.0 209.3 10.0 10, 0 12.8
900° F 178. 5 191, 0 178. 5 166.8 172.5 170.0 16.0 18.0 15. 7
179. 5 186.8 158.0 175. 7 173.0 151, 0 14.0 16, 0 15, 7
177,8 183,6 175,5 171,0 170.4 165,0 14,0 16.0 17. 1
Reduction of Area - Oa Shear Strength - KSI
Test
T  mp. #lC 1/4 1/2 010 I/4 1/2
-423°F 5,4 2,2 2i1.6 178.3 Test
5.4 1. 1 206.3 176.2 Not
# 1. 1 201.0 153, 4 Conducted
70': 51.3 53.0 48,3 154,8 144.8 147.7
48.8 50.4 47.4 155. 3 t56. 8 143.9
51. 6 51.4 46.0 157.6 156.8 143.2
900° F 59. 7 64.8 61. 3 105.8 101.9 114.0
63.3 63.8 66.0 108.4 112.1 115.0
64, 0 63. 6 64, 7 112.4 114, 1 1 15.2
Bolt & Nut Properties -
Johnson's 2/3 ApDrox.
U.	 T.	 S.	 - KSI (1) Yield - KSI
Test
Temp. # 10 1/4 1/2 #10 1/4 1/2
-423' w 251.2(N.S.) 134.0(N.C.) 1I1.0(N.C.) N.Y. N.Y. N.Y.
245.2 (N, S. 107.2 (N. C. 1-17.2  (N, C. N. Y. N. Y. N. Y.
204. 1 (N. S. 32?. 5 179.5 (H) N. Y. N. Y. N. Y.
70° F 235. 0 235.8 233. 1 (N. S. 205. 0 180.4 180.6
234. 1 235.0 224.3 (N. S. i79. 7 179.9 177. 7
231.8 232, 5 231.9 1N. S.) 179.7 180.1 177.7
900° F 200.0 177.8 184.0 165,9 155.2 161. 7
195, 6 (I-J. S. } 177.6 186, 5 147. 5 151. 4 160.0
197.0 (N. S. 180.4 193, 5 149. 8 152.0 166.0
^i) St ress calculated at basic pitch diameter
N.Y. - No Yield
N. C. - Nut Cracked
N ^ . - Nut Stripped
* 3: ^- : f-•+it side Gage
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MATERIAL PR:)PERTIES
Tension Bolt - EWB TM 9
Material - AISI H- 1 1 (220 KSI)
Legend
IC-32 (. 113 Svec.)
	
cam— LABORATORIES
1/?-28 (. 113 Spec.) 12
112-20 (.357 Spec.)	 ^ - - ^-- - — Chart No.: __	 -----
Date: —
	
—.
Avg. of 3 Tests -
77, ^ !H!11 ilia
I
1 11111111 H h W1 111 T H I H	
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III	 ^I	 itI I	 I^^ ^	 itI
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-__ _
I
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-__
230
!
I
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100
J
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I-100 *	 r ' ' _
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Gage Length
^- 113 Spec.	 0.5 inches
20 357 Spec.	 1.4 inches
Test Temperature - °F
I '
	 1 11111111Ii11111111111111111 I	 I
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BOLT S COMPANION NUT F-ROPERTIES
B-)It - EWBTM9 - Material - H- 11 (220 K SI)	 i
N it - FNi22 -	 `.Iaterial -	 H- 1 i.	 (220 K-S.,	 I
Legend
010-32 LABORATORIES
1 /4- 2 8 
	
^' — --
/21 -	0
-- ---
Chart No.:	 13
Stress calculated at basic pitch diameter Date:
Avg. of 3 Tests
_	 Tested. with EWN 22 Nut
4— 300
100	 -i
---	 - }i
_	 0
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Test Temperature - °F
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GY1-IN; ::R STRESS P.ELA',AT10N 	 f
Tensio:. Bolt - F:WBTM9 - Material .'NISI H- 11 (220 KSI)	 i
Ni Ca.d. Diffused Plated per AN'S 2410
Nut - FN 922 - Mate. • ial AISI H- 11 (220 KSi)
Ni Cad. Diffused Placed per AMS 1.41C'
Test Temperature - 900'F
Legend- .
LABORATORIES
-----	 --^
f' 10-32	 — --------	 o Preload a
1/4 - ?8	 --	 --	 -	 e Preload S
Chart No.:	 14	 I
Date: --.	 -
1/2-20	 __	 —	
----	
Avg. of : Testy
-"TTT	 !	 I	 I	 I(	 I	 F71-i
-
I
-- 100
9 0
I
LO
i	 Relasatio: Time - Fours
' illl^llli^l'
I
^
r;
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1	 -423 X54, 300 No Yield
2	 -423 303, 600 No Yield
3	 -123 295, 500 No Yield
4	 70 240,900 22-1,500
5	 70 248, 100 240,700
6	 70 238,300 229,600
7	 900 178,500 166,800
8	 900 179,500 175,700
9	 900 177,800 171,000
Specimens Fractured
Outside Gage
	
10.0	 51. 3
	
10.0	 48. 8
	
10.0	 51. 6
	
16. 0	 59. 7
	
14.0	 64, 3
	
14.0	 64.0
TABLE II
MEC`3ANICAL PROPERTIES
Part No. Bolt EW'B TM 9-3-26 - Material - AISI H- 11 (220, ksi)
Part No, Nut - FN 91-212-1032 - Material - AISI H-11 1 220 ksi)
Siz4. - # 10-32
1. Tensile -
	
	
Base Material Properties (As Received)
.113 Specimens
Elong,
Test	 Test Temp, U l t. Stress,	 Yield Stress, Gage, .5 in. Red, of Area,
No,	 of	 psi	 psi	 %	 wn
Bolt & W, tt Properties (As Received)
Test Test Temp, Ult,	 Lo-d, Ult.	 Str: ss, Yield Load,
No. - F pounds psi(l) pounds
i0 -423 5,411-0 (N. C. ) 251,.-1.00 No Yield
11 -423 5, 320 (N. C. ) 245, Z00 No Yield
12 -423 4,450 (N, C. ) 205, 100 No Yield
13 = -423 7, X20 332, 700 No Yield
14.- -423 7, 350 338,700 No Yield
15 == -423 7,200 331,800 No Yield
16 70 _, 100 235, 000 4,450
17 70 5, 080 234, 100 3,900
18 70 5, 030 7.31, 800 3,900
19 900 41 340 200,000 3,600
20 900 49 250 (N. 	 S. ) 195,800 3,200
21 900 4,275 (N, S. ) 197, 000 3,250
N. C. - Nut Cracked
N. S. - Nut Stripped
"Tested %vith Threaded Adapter
Yield
Stress, psi
2C5, 100
179, 700
179, 70C
165, 900
147, 500
149,800
(1) StresF :alci?.ated at Basic Pitch dia. area of . 0217 square inches,
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70 0 to -423° F to 70° F
Test Test Temp,
No_	 ° F
29 70
30 70
31 70
TABLE II (continued)
Part No. FNYB TIvl 9-3-26
FN 922-1032
1. Tensile (continued)-
Base Material Properties (As cycled)
. 113 Specimens
Cycled 12 Times
Seated at 115,000 PSI
70°F to -423°F to 70°F
Elong
Test	 Test Temp, Ult. Stress,
No.	 ° F
	 psi
22	 70	 237,400
23	 70	 242, 300
24	 70	 239,800
70 0
 to 900°F to 70°F
Yield Stress, Gage, . 5 in. Red. of Area,
psi % `/o
201,600 13.0 54. 3
201, 500 12.0 58. 7
200, 000 12.0 39. 7
25 (a)	 7 0 240,800 223, 100 12.0 46.0
26 (a)
	 70 244,000 224, 700 12.0 50. 0
27 (a)
	 70 242, 100 227, 300 14.0 52. 0
28 (b)	 70 237, 200 211,200 12.0 50.4
Bolt & Nut Properties
(As Cycled)
Ult. Load,
pounds
5, 200 (N. S. )
5, 180 (N. S. )
51-180(N.S.)
TJlt. Stress,
psi(1)
239,600
238, 700
238, 700
Yield Load,
pounc'
4,050
4, 160
4,080
Yield
Stress, psi
186,600
191, 700
188, 000
70°F to 900°F to 70°F
32 (a) 70 5. 190 239,200 4, 300 198, 100
33 (a) 70 5, 0 -, 0 (N. S,) ?A3, 600 4,000 184, 300
34 (a) 70 5, i.00 239,600 49 150 i 9 1, 200
35 (b) 70 5, '00  (N. S. 235,000 4, 150 191, 200
36 (b) 70 5,200 239,600 4, 2,00 1930 --00
(a) slo«v cycle
(b) fast c yule
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TABLE 11 (continued)
Part No. EWB TM 9-3-26
FN 922-1032
Bolt & Nut Prop-rties
As Relaxed - 50 Hours
Preload A
Test	 Test Temp,
N o,	 ° F
37 70
38 70
39 70
Preload B
40 70
41 70
42 70
Ult.	 Load, Ult.	 Stress, Yield Load, Yield
pounds psi(11 Hounds Stress, psi
5, 100 (N. S. ) 235, 000 41370 201, 300
5 0 200 (N. S. ) 239,600 4, 420 2039600
4, 970 (N. S. ) 229,000 4, 350 200,400
4, 920 (N. S. ) 226, 709 3,920 180,600
), 000 (N. S. ) 230,000 4, 160 191, 700
4, 930 (N. S. ) 227, 100 4, 110 189, 4GU
2, Double Shear -
(As Received)
T.: st Test Te::^p, Ult, Load Ult,	 Stress,
No. ' z' pounds psi(2)
43 -423 12,000 211,600
44 -423 11, 700 206, 300
45 -423 11, 400 201,000
46 70 7, 820 137, 900
47 70 7,800 13%, 500
48 70 7, 880 138,900
49 900 6,000 1051800
50 900 6,150 108,400
51 900 6,375 11Z,400
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Ult. Load
pounds
71800
7,850
7,840
Ult. Stress
p si (2)
137, 500
138,400
i 38, 200
TABLE II (ccrtinucd)
Part No. F.IVB TM 9-3-26
FN 922-1032
7	 nniililo ghoar Irnntinuorll -
(As Cycled)
70° F to -423° F to 70° F
Test Test Temp,
No. OF
52 70
;3 70
54 70
70° F to 900° F to 70 0 F
55 70
5b 70
57 70
7,850	 138,400
7,890	 139,100
8 1 000	 141,000
(:^ s Relaxed - 50 hours)
Preload A
58	 70	 S 000	 141,000
59	 70	 7, 0 00	 140,500
60	 70	 3, L-00	 141,000
Preload B
61	 70	 7, 62C:	 134, 400
62	 70	 7, 60C	 134,000
63	 70	 7, 720	 136, 100
3. Stress Rupture
Stress rupture tests at c,00° F were not conducted..
Fastener assembly is not considered rupture sensi-
tive as evidenced by 1/4 inch results which show the
stress required for 100 hour life is 95 percent of the
900° F yield strength.
O
(2) Stress calculated at twice noiYzinal dia, area, . 05671 square inches.
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TABLE II (continued)
Part No, EWB TIM 9-3-26
FN 922-1032
4. Stress Relaxation @900° F
Preload A - Initial Stress - 121 4, 500 psi
Test Hours Residual Stress
No, Run pound s psi(')
64 10 1699 78,300
65 10 1649 76,000
66 10 1699 78,300
67 50 1519 70,000
68 50 1339 61, 700
69 50 1519 70,000
Preload B - Initial Stress - 77, 900 psi
70 10 978 45,100
71 10 875 40, 300
72 10 977 45,000
73 50 5"71 26,300
74 50 b20 281600
75 50 660 30,400
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TABLE 11 (continued)
Part No, EWB TM 9-3-26
Nut - FN 922 -1032
5, Nut Reuse and Galling Tendency
After Soak C 70° F
Maxiinv m	 Torque to
Test	 Installation Seated Stress,
	 Induce Stress,
	
Torque After Soak
No,	 inch-pounds _ psi( 1 )	 inch-pounds	 Breakaway Remova
1 st Application
76	 6 1189800 80 58	 4
77	 11 118,800 85 60	 8
78	 4 118,000 85 62	 3
79	 9 118,800 85 63	 5
80	 5 1183-000 80 55	 4
2nd Application
76	 4 1i8,000 75 55	 4
77	 6 118,800 83 60	 7
78	 3 118,800 30 58	 3
79	 5 118,800 85 60	 6
80	 4 118,800 QS 60	 3
5rd application
76	 4 118,300 80 55	 4
77	 6 118,800 85 60	 7
78	 3 118,800 85 60	 3
79	 5 118,800 80 60	 5
80	 3 118, 300 80 58	 3
4th Application
76	 4 118,800 83 55	 4
77	 6 118,800 88 65	 7
78	 3 118,800 87 65	 3
79	 3 1189800 80 55	 5
80	 3 118,800 80 55	 3
501 Application
76	 4 1189800 82 55	 4
77	 6 1181800 85 65	 7
78	 3 118,800 88 65	 3
79	 5 118,800 80 58	 6
80	 3 118,800 83 60	 3
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TABLE 11 (continued)
Part No, EWB TM 9 -3-26
Nut - FN 922-1032
5. Nut Reuse and Galling Tendency (continued)-
After Soak @ 900° F
Maximum	 Torque to
Test	 Installation,	 Seated Stress, Induce Stress,	 Torque. After Soak
No,	 inch-pounds	 prim	 inch-pounds
	 Breakawav Removal
1 st :"application
81	 9 118,800 85 210 12
uG	 10 118,800 88 190 13
83	 6 118,800 86 160 12
84	 5 118,800 85 175 12
85	 8 118,800 85 210 10
2nd Application
81	 12 118,800 200 250 10
82	 14 118,800 225 210 1:-)
83	 11 118,800 200 200 10
84	 12 118,800 200 180 11
85	 11 118,800 206 175 9
3rd Application
81	 9 118,800 195 225 6
82	 14 118,800 200 205 1J
83	 12 118,800 200 220 8
84	 8 118,800 205 220 7
85	 13 118,800 195 215 7
4th Application
81	 8 1189800 195 200 4
82	 11 118,800 190 210 9
83	 10 118,800 190 210 8
84	 11 118,600 185 225 6
85	 8 118,800 190 190 7
5th Application
81	 5 118,800 225 230 2
82	 12 118,800 210 '15 8
83	 8 118,800 225 220 7
84	 9 118,800 190 225 3
85	 10 118,800 225 205
57
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TABLE II (continued)
Part No. EWB1 T',1 9-J-26
Nit - FN 922-1032
6. Torque vs. Induced Load @ Room Temperature -
Torque, Test No. 86 Tcst No. 87 Test No. 88
inch-pounds Load, pounds Load, pounds Load, pounds
30 750 1000 1000
40 1050 1300 1250
50 1300 1650 1550
60 1600 2000 1950
70 1900 2250 2 2. 30
80 2200 2550 2650
90 2500 2950 3050
100 2850 3300 3350
110 3350 3550 3650
120 2700 3950 3950
130 4000 4100 4100
140 4100 4250 4200
Bolt Broke Bolt Broke Bolt Broke
7. Vibration - :ALMA #10 -
Maximum Seating
Test Installation, Torque,
No. 1st	 5th inch-pounds
89 14	 5 30
90 15	 8 30
91 14	 5 30
92 5	 6 30
93 10	 9 30
No. of Degrees lox Ma,g.
Cycles Mova-ment Visual Insp. Remarks
30 9 000 30 No cracks Passed
30,000 10 No cracks Passed
30,000 0 No cracks Passed
30,000 90 No cracks Passed
30, 000 0 No cracks Passed
(1) Stress calculated at Basic P. D. of . 0217 square inches.
(2) Stress calculated at twice no •ninal diameter area, . 05671 square inches.
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TABLE III
MEGHANIG.kL PROPERTIES
Part No. Bolt - EWB TM 9-4-28 -Material -NISI H-11 (220 ksi)
Part 1\',o. Nut FN 922-428 Mat-F rial - AISI H- 11 (220 ksi)
Size - 1/4-28
1. Tensile -	 Base Material Pr on ,_rties (As Received)
. 113 Specimens
E long,
Test Test Temp, Ult.	 Stress, Yield Stress, Gage,	 . 5 in. Red. of area,
No. ° F psi psi a,0 070
i -423 343,200 322,100 2. 0 5.4
2 -423 350, 500 331,600 2. 0 5.4
3 -423 249,000 No Yield - -
4 70 244, 700 239, 500 i0. 0 53. 0
5 70 247,400 229, 500 10. 0 50.4
6 70 244,800 227, 000 10. 0 51.4
7 900 i81, 000 172, 500 18. 0 64.8
8 90C 186,800 173, 000 16. 0 63.8
9 900 183,600 170,400 16. 0 63.6
Bolt & Nut Properties (As Received)
Test Test Temp, Ult.	 Load, Ult.	 Stress, Yielrl Lc--d, Yield
No. °F pounds- psi(,) pounds Stress,	 psi
10 -423 5,200 (N. S. ) 134, 000 No Yield
11 -423 4, 160 (N. S. ) 107,200 No Yield
"12 -423 12,600 322, -00 No Yield
'1, 13 -423 12, Z00 310,400 No Yield
15 70 9, 150 235,800 7,000 180,400
16 70 9, 120 235, 000 6,980 179,900
17 70 91020 232, 500 7,000 180, 400
18 900 6,900 177, 800 6, 025 155, 200
19 900 6,900 177,800 5,815 1510 400
20 900 7,000 180,400 ^, 900 152, 000
(1) Stress calculated at Basic Pitch dia. of .0388 square inches.
(N. S. ) Nut Stripped
*Tested with EWN TM9 Nut
1^!2
TABLE III (continued)
Part No, EWB TM 9-4-28
FN 922-428
'1, Tensile (continued) -
Bolt ?• Nut Properties
(As Relaxed - 50 Hour6)
Preload A
Test Test Temp, Ult.	 Load, Ult.	 Stress, Yield Load, Yield
IN °F po:inds psi(') pounds Stress,	 psi
21 70 9, 250 2389400 7, 725 199, 100
22 70 9, 120 235, 100 7, 500 193, 3 G
23 70 9, 320 240,200 7, 725 199, 100
Preload B
24 70 9,460 243,800 7,675 197,800
25 70 9,440 243, 300 8,200 211, 300
26 70 9,280 239,200 7,650 197,200
2, Double Shear -
(As Received)
Test Test Temp, Ult.	 Load, Ult.	 Stress,
No. OF pounds psi(2)
27 -423 17, 300 1789 300
28 -423 17, 300 176,200
29 -423 18,000 183,400
30 70 159 300 155,800
31 70 15,400 156,800
32 70 15,400 156,800
33 900 i0, 000 1010 /
34 900 111000 112, 100
35 900 11, 200 1141 100
(2) Stress calculated at twice aotninal dia area, 09817 square inches.
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TABU-; III (continued)
Part No. EWB TM 9 - 4 - 28
FN 922-428
2. Double Shear (continued)-
(As Relaxed - 50 hours)
Preload A.
Te-4.1 Test Temp, ;Jlt.	 Load, Ult.	 Stress,
No. ° F po_inls psi (2)
36 70 14, 750 1500200
37 70 14,650 149,200
38 70 14,650 149,200
Preload B
^9 70 14,900 1511800
40 70 14,800 15C, 700
41 70 14,900 151, 800
3.	 Stress Rupture
Test Test Terri, Load, Load Stress, Time, Location
No. OF pounds psis I) Hr s, of Failure
42 900 6,208 160,000 9.2 N. S.
43 900 o,014 155,000 i 0. 8 N. S.
4 .1 900 5, 820 1 50, 000 95. 6 Bolt Thread
45 900 5, 820 150,000 118. 9 N. S.
46 900 5, 820 150,000 43.2 N. S.
47 900 5, 8?0 150, 000 69. 5 N. S.
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ILI
TABLE III (cont,nued)
Part No, E ;ti B TM 9-4-28
FN 922-428
4,	 Stres: Relaxation @ 900 0 l:	 -
Pr.eloae, A - Initial Stress - 137, 000 psi
FF
Test Hours Residual Stress
No, Run Pounds psi, 1)
48 10 30 298 85,000
49 10 3,200 82, 500
50 10 3,251 83, 8UU
51 50 23,774 71, 500
52 50 31 150 8 i, 200
5, 50 2,988 771000
ALL
Preload B _	 ritial Stress - 91,400 psi
54 10 21 502 649560
55 10 2, 553 65, "00
56 10 2, 553 651800
57 0 29 200 56, 700
58 50 21 200 56,700
59 50 20200 56,700
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TABLE III (continued)
Part No. ENVB TM 9-4-28
FN 922-428
5. Nut Reuse and Galling Te-ndency
After Soak @ -423° F
Maximum Torque to
Test	 Installation, Seated Strc ss, Induce Stress
No.	 In,. h-pounds psi(l) inch-pounds
1st Application
60	 30 118,800 175
61	 30 118,800 180
62	 30 118$800 180
63	 30 118,800 180
64	 25 Ii8,800 i80
2nd Application
60	 12 118,800 165
61	 20 118,800 170
r-2	 17 118,800 190
63	 28 118,800 180
64	 12 118,800 175
3rd Application
60	 14 118$800 170
61	 25 118,800 175
62	 16 118,800 180
63	 14 118,800 180
t4	 11 118$800 170
4th .=application
60	 14 118,800 170
5i	 20 118,800 175
62	 18 118,800 185
63	 18 118,800 175
u t	 12 118,800 180
5th Application
6u	 12 118,800 175
61	 16 118$800 180
62	 16 118,800 185
63	 24 118$800 180
64	 12 1182800 170
Torque After Soak
Breakaway Removal
140 20
150 2C-
150 26
150 22
140 16
120 15
130 23
130 20
130 21
130 14
130 15
150 25
130 22
140 18
145 14
110 15
125 22
120 22
120 20
120 14
125 15
140 22
1.30 19
130 16
150 13
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TABLE III (continued)
Part No, EWB TIM 9-4-28
Nut - FN 922-428
5, Nut .Reuse and Galling Tendency (continued)
After Soak @ 7001'
Maximum Torque to
Test	 Installation Seated Stress, Induce Stress, Torque After Soak
No.	 inch pounds psi() inch-pounds Breakawav	 Removal
i 6t Applicat 4. on
65	 30 118,800 150 105 25
66	 28 118,800 170 125 28
67 118,800 170 115 25
68 118,800 180 135 20
69	 30 11-0,800 160 110 23
2nd Application
65	 18 118,800 140 90 20
66	 25 118,800 160 110 23
67	 23 118,800 150 100 22
68	 19 118,800 155 110 15
69	 17 118,800 140 90 18
3rd Application
65	 19 118,800 140 100 18
66	 25 118,800 1:;0 110 19
67	 20 118,800 135 95 20
68	 15 118,800 150 111)5 16
69	 15 118,800 135 95 16
4th Application
65	 20 118,800 145 110 16
6E:	 25 118,800 155 120 20
67	 22 1 18, 800 130 100 20
63	 18 118,800 150 110 16
69	 17 118,800 145 105 16
5th Application
65	 20 118,800 165 120 16
66	 24 1180800 175 135 18
67	 20 118,800 135 100 20
68	 19 118,800 155 120 15
69	 15 118,800 150 110 16
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TABLE III (continued)
Part No. EWB TM 9-4-28
Nut - FN 922-428
5. Nut Reuse and Galling Tendency (continued) -
After Soak @ 900° F
Maximum
Test Installation Sated Stress,
No, i nch-pounds usi(1
lst Application
70 30 i18,800 
71 25 118,800
72 28 118,800
73 28 118, 800
74 30 1183800
2nd Application.
70 35 1181800
71 ?0 118,800
72 30 118,800
7s 28 118,800
7- 35 1181800
3rd Appli nation
70 30 1181800
7i 30 118,800
?? 25 118,800
73 20 118,800
74 35 118,800
4th Application
70 25 1181800
11 20 118,800
72 25 1189800
7? 20 118,800
30 1189800
5th Application
7i; 20 118,800
71 25 118,800
i2 ?0 118,800
73 18 118,800
74 "5 118,800
Torque to
induce Stress,
	 Torque After Soak
inch-pounds	 Breakawa- y Removal
150 450 55
165 45J 60
150 450 50
170 450 55
155 475 50
475 525 50
490 450 55
480 550 60
485 450 55
480 500 55
475 500 45
480 525 50
480 500 45
485 525 50
475 500 40
500 550 30
520 575 35
525 550 40
500 575 55
500 550 50
550 600 40
590 620 30
575 600 25
575 590 50
575 600 35
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Part No. EWB TM 9-4-28
Nut - FN 922-428
6. Torque Versus Induced Load
Torque, Test No. 75
inch-pounds Load, pounds
50 700
100 2050
150 3350
200 4850
250 6400
300 7700
TABLE III (continued)
Test No. 76
Load, pounds
500
2300
3850
52_0
7500
8050
Test No. 77
Load, pounds
1100
2950
4850
5350
7750
8250
7. Vibration - ALMA ##10 -
Maximum
Installation Seating
Test inch, pounds Torque,
No, 1st
	
5th inch-pounds
78 _ju	 15 60
79 28	 15 60
80 30	 15 60
81 e. 4 	 18 60
82 27	 20 60
No. of Degrees 10X Ma g.
Cycles TMovement Visual Insr Rerravks
30,000 30 No cracks Passed
30,000 30 No cracks Passed
30 9 000 30 No c ricks Passed
30,000 45 No cracks Passed
30,000 60 No cracks Passed
(1) Stress calculated at basic P. D. area of . 0388 square inches.
(2) Stress calculated at twice nominal diameter area, . 09817 square inches.
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TABLE IV
0.4ECHANICAL PROPERTIES
Part No. Bolt - E WB TM 9-8-46 -Material - AISI H-•11 (220 ksi)
Part No. - Nut - FN 922-820 - Material - AISI H-11 (220 ksi)
Size - 1 /2-20x3. 781
1. Tensile	 Base Material Properties (As Received)
. 357 Specimens
Elong,
Test Test Temp, Ult.	 Stress, Yield Stress Gage, 1. 4 `.n, Red, of Area,
No. ° F psi psi % %
1 -423 2209400 No Yield - 9.2
2 -423 271,400 No Yield - 1. 1
3 -423 2261 100 No Yield - 1. 1
4 '0 242#700 2119000 14.2 48.3
5 '10 2469200 214,000 14.2 47.4
6 70 2419300 209,000 12.8 46.0
7 900 1781500 170,000 15. 7 61. 3
8 900 1759500 165,000 17. 1 64.7
9 900 Specimen overheated during test.
Bolt & Nut Properties (As Received)
Test Test Temp, Ult. Load, Ult.	 Stress, Yield Load, Yield 
O F pounds _ psi( l )	 - pounds_ Stress,	 psi
10 -423 19, 000 (N. C. 111, 000 No Yield
11 -423 25, 300 (N. C. 147,200 No Yield
`12 -423 309 800 (H) 179, 500 No Yield
15 70 400000 (N. S. It 233, 100 31,000 180, 600
16 70 38, 500 1,N. S. 2249 300 30, 500 177, 700
17 70 399800 (N. S. ) 231,900 30, 500 177, 700
18 900 319600 (N. S. ) 184,000 27,750 161, 700
19 900 321000 (N. S. ) 136, 500 279500 1609000
20 900 33,200 (N. S. ) 1931 500 28, 500 166,000
(1) Stress calculated at Basic Pitch dia. area of , 1716 square inches.
N. C. - Nut Cracked.
N. S. - Nut Stripped.
H - Head Failure
*Tested with EWN TM9 Nut
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TABLE IV (continued)
Part No. EWB TM 9-8-46
FN 922-820
1.	 Tensile (continued) -
Base Material Properties (As Cycled)
357 S,iecirnens
Cyc'lec' 12 times
Seated at 115, 000 psi
Elong,
Test Test Temp, Ult.	 Stress,	 Yield Stress, Gage, .5 in. Red, of Area,
No, °F psi	 psi °fo °io
70°F to 900°F to 70°F
21 70 2451000	 217,000 12. 8 49.6
22 70 238,900	 2041 000 12.8 44.5
23 70 Specimen damaged -- not tested,
Bolt & Nut Properties
(As Cycled)
Test Test Temp, Ult,	 Load,	 Ult.	 Stress, Yield Load, Yield
No. -F pounds
	
psi(1) pounus Stress,	 psi
24 70 41,600	 2429400 35,000 203,900
25 70 41,100
	 239, 500 34,600 201,600
26 70 419400	 241,200 34,000 198,100
As Relaxed - 50 Hours
Preload A
27 70 401 500 2361 000 329 500 1891 300
28 70 40, 70o 237, 100 33, 40C 194,600
2 0 70 40,600 2361 500 33,000 194,000
Preload B
30 70 419200(N. S. ) 240, 100 32,000 186, 500
31 70 411000 238,900 329400 188,800
3Z 70 409500 236, 000 310200 181,800
N. S. Nut Stripped.
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TABLE IV (continued)
Part No. EWB TM 9-8-46
FN 922-820
2. Double Shear -
(As Received)
'Pest Temp, Ult.	 Load,	 Ult.	 Stress,
O F pounds	 psi(2)
-423 Shear Fixture Failed
-423 Shear F' _ture Failed
•-423 Stud in Cryostat Failed
Test
No.
33
34
35
36	 70	 589000	 147,700
37	 70	 56, 500	 143,900
38	 70	 58,200	 1489200
39	 9'10	 449700	 1141000
40	 900	 45, 200	 115,200
41	 900	 451000	 1151 000
(As Cycled)
70°F to 900°F to 70°F
42	 70
43	 70
44	 70
Preload A
60,500 154,100
61 1 000 1550300
61,400 156,400
(As Relaxed - 50 Hours)
45 70 59,000 147,700
46 70 58.600 149,200
47 70 59,600 151,800
Preload B
48 7G 57, 100 145,400
49 70 58,000 147, 700
50 70 59,000 150, 200
3.	 Stress Ruptur e -
Stress rupture tests at 900° F were not conducted.
	 Fastener
assembly is not considered rupture sensitive as evidenced by
1/4 inch results which show the stress required for 100 hour
life is 95 percent of the 900° F yield strength.
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TABLE IV (continued)
Part No. EWB TM',-8-46
FN 922-820
4. Stress Relaxation @900°F
Preload A - Initial Stress 115, 500 psi
Test Hours Residual Stress
No. Rur. Po:inds psi(,)
51 10 14,190 8 24, 700
52 10 13,900 81,000
53 10 13, 900 81, 000
54 50 13,280 77,400
55 50 12,800 74,600
56 50 12, 715 74, 100
Preload B - Initial Stress - 78,000 psi
57	 10	 9, 590	 55,900
58	 10	 9, 385
	 54, 700
59	 10	 9, 385	 54,700
60	 50	 9,000
	 52, 500
61	 50	 8,685	 50,600
62	 50	 8,800	 51, 300
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TABLE. IV (continued)
Part No. EWB TM 9-8-46
Nut - Fr? 922-820
5. Nut Reuse and Galling Tendenc
After Soak at 70° F
Maximum
Test Installation Seated Stress,
No, inch-pounds psi(1)
1st Application
63 90 118,800 
64 80 118,800
65 100 1 18, 800
66 90 118.800 
67 90 118,800
2nd Application
63 7Z 118,800 
6 ,' 64 118,800 
65 64 118,800
66 64 118,800
67 64 118,800
3rd App';r.ation
63 72 118,800 
64 64 118,800 
65 52 118,800 
66 58 118,800 
67 63 118,800
4th Application
63 70 118, 800
64 70 118,800
65 50 118,800
66 60 118,800 
67 78 118,800
5th Application
63 70 118,800
64 70 118,800
65 50 118,800
66 60 118,800 
67 60 118,800
Torque to
Induce Stress,	 Torque After Soak
inch-pounds Breakaway Removai
1150 750 77
975 600 60
1150 750 60
900 500 5;
950 575 68
1150 775 68
950 650 63
1200 825 56
950 S 75 64
925 600 58
1150 900 70
97-1 775 60
1225 1000 50
975 775 60
900 750 60
1200 950 60
1200 900 60
1320 i100 50
1100 900 55
1000 750 60
1200 1000 60
1200 1050 50
1320 1200 40
1200 1000 50
1000 900 45
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TABLE IV (continued)
Part No. EWB TM 9-8-46
Nut - FN 922- 820
5. Nut Reuse and Galling Tendency (continued) -
After Soak at 900° F
Maximum
Test Installation Seated Stress, Induce Stress, Torque After Soak
No. inch-pounds psi(1) inch-pounds Breakaway Removal
1st Application
68 90 118,800 950 2160 125
69 85 118,800 900 2880 140
70 100 1181800 1100 2280 125
71 90 118,800 1000 2220 150
72 95 118,300 1200 2160 100
2r.d A 7plication
68	 145 118,800 3000 3120 100
69	 155 118,800 3000 3000 125
70	 170 118,800 2640 2880 100
71	 165 1182800 2640 3120 120
72	 80 118,800 2280 2880 50
3rd Application
68	 110 118,800 3000 3480 80
69	 125 '118,800 3480 3360 110
70	 140 118,800 3480 3600 90
71	 120 118,800 3360 3360 115
72	 50 118,800 3480 3600 40
4th Applicatic_z
68	 65 118,800 3480 3600 65
69	 120 118,800 3800 4M 100
70	 140 118,800 380C 420 80
71	 120 118, 800 3900 4060 110
72	 50 118,800 3600 3800 60
5th Application
68	 70 118,800 3800 4000 55
69	 120 118, 800 3600 3800 95
70	 80 118,800 3900 4200 75
71	 100 118,800 3300 400( 110
72	 60 118,800 3600 3800 50
:^5
'CABLE IV (continued)
Part No. EWB TM 9-8-46
Nut - FN 922-87.0
Torque is. Induced Load C Room Ter_.perature -
Torque Test No. 73 Test No. 74 Test No. 75
inch-pounds Load, pounds Load; pounds Load, hounds
400 7,000 6,100 6, 500
800 14,500 14, 000 16, 500
1200 21,600 20,500 Z2, 000
1600 28,000 31,000 31, 000
2000 32,500 33, 500 33, 000
7.	 Vibration - ALMA #10 -
lvlaximum Seating 1OX Mag.
Test	 Installation, Torque, No. of Degrees Visual
No.	 Ist	 5th inch-pounds Cycles Movement Insp.	 Remarks
76	 100	 75 300 30, 000 0 No cracks	 Passed
77	 100	 50 300 30,000 0 No cracks	 Parsed
78	 125	 80 300 30,000 0 No cracks	 Passed
79	 125	 100 300 30,000 0 Nro cracks	 Passed
80	 125	 75 300 30, 000 0 No cracks	 Passed
(1)	 Stress calculated at Basic P. D. 	 area of . 1716 square inches.
(2)	 Stress calculated at twice nominal diameter area, .3927 square inches.
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TABLE V	 41_
SUMMARY OF RESULTS
EWB 1615 & -V
 1418 - IMATERIAL - WASPALOY - (lit) t-51)
Material Pro^ -
0.2 LI^ Offset
U. T. S.- KSI Yield - KSI Elungatio i
Te st
Ternp.	 010 1/4 1./2 r10 1/4 112 1/4+	 1/2
-423° F	 283, 9 245. 3 216. 1 209. 7 173, 7 158„ 3 14.0 20.0	 W. 7
2'i6, 0 247, 220.4 186.8 192, 1 149, 1 14.0 20.0	 12. d
242. 1 238. 7 219. 5 205. 3 188.7 148.4 14.0 18, t,	 19.3
70° F
	 193.8 193. 5 185, 0 143.6 13-1.4 123.8 16.0 L0, a	 17,8
196.8 191.5 157. 5 1 iq . 5 129.4 126, 3 18.0 i0. 0	 18, 5
193.8 191, 5 184. 4 137. 7 130, 5 123. 1 16.0 ZG, 0
	 18. 5
1400° F	 136.0 139. 7 133. 6 110.0 109, 6 109.0 8. G 12.0	 14, 2
1.'4. 9 136.4 112. 109.2 111.4 98.0 12. 0 14. 3	 12. 8
140 . 8 140.6 .13. 5 107. 1 114. 5 97. 4 12.0 14. 3	 11
	
4
Rcductior, of area - °io Shear Strength - KS.
Te st
Temp, #10 1/4 1/2 #10 1 / 4 z	 1 /2
-423° F Id. 5 19.0 14.0 176. 3 157. 9
14.0 20, 6 16.2 172.8 154.8
14.0 20.8 ?0, 8 174.6 156.9
70°F 20.0 31. 9 29.8 132, 6 132.41 121. 0
22,0 30.0 2+J, 8 136, 5 132.4 126. 1
21. 9 30, 0 Lv. 7 136	 - 132. 4 120.8
1400° F 11.0 15. 3 23, 7 92.0 85, 6 88, 5
18.4 17. 5 21.6 97.4 89. 6 91.0
10, 2 16.2 18. 3 97.0
 94.7 89.6
Bolt €z Nut Propert;ts
.iohnson'G 2/3 Apprux.
Test U. T. S.	 - KS! (1) Yi=1d - KSI
Temp, 010 1!4 1 /"G #10 1 /4 1/2
-423° F 223.4 214, 9 ?01.0 213.0 180.9 155.^v
237.9 220.0 206.2 189.6 176.7 155. 0
241.6 223.4 1 99.0 192.2 158. 3 157, 0
70° F 187.0 171.8 167.3 142.8 139.2 126. 7
181.8 172.7 167.9 135. 0 135.	 7 126.0
180. 7 172, i 169.2 135.0 135. 7 1Z6, 6
1400°F 185.7 163.9 150.1 145.4 125.8 114.0
194.8 144.1 153.9 140.2 131.2 117.2
18;.7 159.7 156, 5 14 { 4 124.3 117.2
Stress cal c ulated at tensile stress area (. 003 red pitch diameter)
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MATERIAL PROPERTIES
Tension Bolt - ZWB 1615 SinMaterial - Waspaloy (150 KSI)
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Elong,
Ult.	 Stress, Yield Stress, Gage,	 .5 in, Red, of Area,
psi psi % %
283,900 209,700 14.0 14. 5
256 9 000 186,800 14.0 14.0
242, 100 205, 300 14.0 14.0
193 9 800 143,800 16.0 20. 0
196,800 139, 500 18.0 22.0
193,800 137,700 16.0 21.9
136,000 110,000 8.0 1 i, 0
134,900 109,200 12.0 18.4
140,800 107, 100 12.0 10.2
^^ 3
Test Test TemF,
No, OF
1 -423
2 -423
3 -423
4
	
70
5
	
70
6
	
70
7
	
1400
8
	
1400
9
	
1400
TABLE VI
MECHANICAL. PROPERTIES
Part No, Bolt EWB 1615-3-34 - Material Waspaloy (150 ksi)
Part INTO, Nut - FN 1418-1032 Material - Waspaloy (180 ksi)
Size - #.10-32xL, 528
1. Tensile -	 Base Material Properties (As Received)
113 Specimens
Bolt & Nut	 (As Received)
Test Temp, Ult. Load, Ult,	 Stress,	 Yield Load, Yield
.F pounds psi(,) pounds Stress,
	 psi
-423 4,300 223,400 4, 100 213, 000
-423 4,580 237,900 3,650 189,600
-423 4,650 241,600 3, 700 192, 200
70 3,600 187,000 2,750 142, 800
70 3, 500 181,800 2,600 135, 000
70 3,480 18C, 700 2,600 135, 000
1400 30 575 185, 700 2,800 145, 400
1400 3, 750 1949800 2,700 140, 200
1400 3,600 187,000 2,700 140, 200
Test
No_
10
11
12
13
14
15
16
17
18
(1) Stress calculated at tensile stress area (, 003 red pitch dia, ), . 01925 square
inc he s,
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TABLE VI (continued)
Part No. EWB 1615-3-•3-34
FN 1418-1032
1. Tensile (continuer) -
Base Material Properties (As cycled)
. 113 Specimens
Cycled 12 Times
Slated at 83, 200 psi
70° F to -423° F to 70° F
Elong,
Test Test Temp, Ult.	 Stress, Yield Stress,	 Gage, .5 in. Red. of Area,
No. OF psi psi 170 c^
19 70 191, 300 125, 500 9, 0 23.4
20 70 192, 100 128,400 8.0 23.8
21 70 181,600 123, 't00 9.0 20. 6
70 °F to 1400°F to 70°F
22(a) 70 183, 100 115,700 24.0 30.0
23(b) 70 1932 500 119, 300 24.0 30. 5
Bolt & Nut Pr.Dperties (As Cycled)
70°F to -4Z3° F to 70 u F
Tes.	 Test Temp,
No. ° F
24 70
25 70
26 70
Uit.	 Load, Ult.	 Stress, Yield Load,
pounds psi(1) pounds
3, 720 193,200 2,770
3,620 188,000 2,850
3, 580 186,000 2, 820
Yield
143,900
148, 100
146,500
r 70° F to 1400° F to 70° F
27 (a)
	
70
28 (a)
	
70
29 (b)	 70
30 (b)	 7-0
(a) Fast Cycle
(b) Slow Cycle
3, 550 1R4, 400 2,630 1369600
3,600 187,000 2,700 14r, 300
3, 550 184,400 29600 135, 100
3, 530 183,400 2, 600 13 r-, 800
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TABLE VI (continued)
Part No. EWB 1615-3-34
FN 1418-1032
1. Tensile (continued) -
Bolt & Nut Properties
As ReL__ed - 50 Hours
Preload A
Test Test Temp, Ult,	 Load, Ult.	 Stress, Yield Load, Yield
No. OF pounds psi(,) pounds Stress, psi
31 70 3, 920 203, 600 2,870 149, 100
32 70 3,880 201,600 2, 550 132, 500
33 70 3, 920 2039 :.100 3,050 158,400
Preload B
34 70 3,850 200,000 2,920 151,700
35 70 3,880 201,600 2,980 154,800
36 70 3,820 198,400 3, 160 164,200
2,	 Double Shear -
As Received)
Test Test Temp, Ult.	 Load, Ult.	 Stress,
No. OF pounds psi(2)
37 -423 10,000 176, 300
33 -423 9,800 172., 800
39 -423 9,900 174,600
40 70 6,400 112,800
41 70 6,920 122,000
42 70 6,800 119,0/00 
43 1400 5, 500 97,000
44 1400 5, 525 97,400
45 1400 5, 500 -/7,000
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TABLE VI (continued)
Part No. EWB 1615-3-34
FN 1418-1032
2, Double Shear (continued) -
(As Cycled)
70° F to -423° F to 70° F
Test Test Temp,
No. OF
46 70
47 70
48 70
70-I F to 1400° F to 70° F
Ult.	 Load, Ult.	 Stress,
pounds psi(2)
6,780 119,600
6, 730 118, 700
6,770 119,400
49 (a)	 70	 6, 550	 115,500
50 (a)	 70	 6, 760	 119,200
51 (b)	 70	 6,840	 120,600
52 (b)	 70	 6,820	 120, 3G0
(As Relaxed - 50 hours)
Preload A
53 70 7,050 1249300
54 70 6, 99) 123, 300
55 70 7, 000 1231400
Preload B
56 70 6,960 1249 300
57 70 ^,, 360 123, 300
58 70 7,000 123,400
(2) Stress calculated at twice nominal dia, , , 05671 square inches.
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TABLE VI (continued)
Part No, EWB 1615-3-34
FN 1418-1032
3,	 Stress Rupture -
Test Test Temp, Load, Load Stress, Time, Location
No, OF pounds psi(1) Hrs. of Failure
59 1400 19348 70,000 101. 5 1
60 1400 11348 70P000 141. 5 T
61 1400 it 348 70,000 112. 8 T
62 1400 1, 925 1001000 4.7 T
63 1400 1,925 100,000 6. 5 T
64 1400 ., 925 100,000 11.1 _T
65 1400 29310 1209000 0. 6 T
66 1400 2, 310 120,000 0, 7 T
67 1400 29 310 1209000 0. 7 T
4, Stress Relaxation @ 1400 ° F
Preload A - Initial Stress - 96, 500 psi
Test Hours Residual Stress
No, Run pcunds psi(l)
68 10 839 43,600
69 10 950 49,400
70 10
71 5J 504 26,200
72 50 720 37,400
73 50 700 36,400
Preload B - Initial Stress - 54, 500 psi
74 10 918 47,700
75 10 670 341 8OU
76 10 839 432600
77 50 570 29,600
78 50 529 271500
79 50 479 249900
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TA'3LE VI (c-)ntinued)
Part No. EWB 1615-3-34
Nut - FN 1416-1032
5. Nut Reuse and Galling Tendency
After Soak @ -423"F
Maxim um.
Test	 In-i'allation seated Stress,
No.	 inch,-pounds psi(1)
1 st Application
80	 16 81, 000
81	 11 81,000
82	 12 81,000
83	 10 81,000
84	 14 81,000
2nd Applic-tion
80	 5 81,000
81	 5 81,000
82	 7 81,000
83	 5 81,000
84	 5 81,000
3rd Application
80	 3 81,000
81	 5 81, 0-15
82	 7 81,000
83	 5 81, ("00
84	 5 81, 000
4th Applic ition
80	 8 $141,  000
81	 12 81,000
82	 10 8 1, 000 
83	 8 8 ^, 000
84	 10 81, 000
5th AT,)plication
80	 4 81,000
81	 4 81, 000
8?	 5 81,000
£ 3
	 6 81,000
64	 4 81,000
Tcrqu,
lnduc,; Stress,	 Torqu e after Soak
_ ii-.:h-pounds	 Breakaw	 Remuva:
140 140
	 6
130 100	 6
125 100	 7
130 80	 7
130 100	 b
140 Ito	 4
135 100	 3
120 120	 6
125 120	 4
125 140	 5
135 1.'0
130 110	 3
130 120	 5
125 120	 5
130 110	 4
1S0 150	 5
130 100	 6
150 135	 6
150 140	 5
160 150	 6
135 110	 2
130 90	 3
125 110	 4
130 110	 4
130 85	 3
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TABLE VI (continued)
Part No. EWB 1615-3-34
N«t - FN 1418-1032
5. Nut Reuse and Galling Tendcrcy (continued) -
After Soak at 70° F
Ma.:imucn Torque to
Test	 Installation Seated Stress Induce Stress, Torque After Soak
No.	 inch-pounds psi(1) inch-pounds Breakawav Removal
1 st Application
85	 10 81,000 110 100 -
86	 9 81,000 140 135 6
87	 10 81,000 110 105 7
88	 10 81,000 i00 99 b
89	 8 81:000 i 20 120 5
2nd _application
85	 8 81,000 135 13( 7
86	 7 81,00) 145 145 4
87	 7 81,Coo 1215 120 9
88	 12 81,000 1i5 95 7
89	 8 81, 000 130 125 6
3rd Application
85	 15 81, 000 140 140 9
86	 6 81,000 145 130 6
87	 11 8'1,000 130 120 10
88	 1 u 81, OCO 120 100 6
89	 12 81;000 130 130 8
4th Application
85	 8 81,000 140 130 6
86	 10 81, OOO 140 130 8
87	 8 81,000 130 120 8
88	 10 61,000 120 100 8
8 ;	 '; 81, 000 125 120
5t', Application
85	 9 81,000 140 135 8
86	 8 81,000 145 135 6
87	 8 81,000 135 125 8
88	 13 81.'000 135 115 10
89	 12 81,000 140 135 12
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V4.
"FABLE VI (continue,a)
Part No. EWB 1615-3-34
Nut - FN 1418-1032
5. Nut Reuse and Galling Tenden, v (continued) -
After Soak at 1400° F
Maximum Torque to 31
Test	 Installation Seated Stress Induce Stress, Torque :after Soak
No.	 inch-pounds psi(1) —inch-pounds Breakaway .Removal
1st Application
90	 10 81,000 110 290 6
91	 11 81,000 9O 190 12
92	 8 81,000 90 180 10
93	 9 81, OoO 115 160 it
94	 8 81, 000 130 170 10
2nd .Application
90	 8 81,000 170 190 7
91	 10 8i3O00 155 195 10
92	 8 81,000 150 180 8
93	 9 81,000 ISO 180 5
94	 10 81, 000 175 190 3
3rd Application
90	 9 81, 000 180 90 9
91	 14 81,000 :60 195 12
92	 6 81, 00' ► 160 i 80 6
93	 7 81, 000 180 190 3
94	 7 81,000 180 185 4
4th Application
90	 11 Bolt broke -- -- --
91	 15 81,000 190 i90 10
92	 6 81,000 185 185 6
93	 7 81,000 190 175 5
94	 7 81,000 190 180 4
5th Application
90	 -- -- -- -- --
9l	 12 81,000 165 Bolt broke --
92	 9 81,000 190 x.80 9
93	 10 Bolt broke -- -- --
94	 8 81,000 195 180 4
.a
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TABLE VI (continued)
Part No. EN7B 1615-3-34
Nut - FN 1418-1032
6. Torque vs. Inuuced Load @ Room Temperature -
600
850
1050
1250
1550
1850
2050
2300
2500
2800
Torque Test No. 95
inch-pounds Load, pounds
30 550
40 750
50 1000
60 1300
70 1600
80 1750
90 2000
100 2250
110 2450
120 2750
Test No. 97
Load, pounds
650
800
1000
1150
1650
1700
2000
2300
2450
2750
Test No. 96
Load, pounds
7. Vibration - ALMA #10 -
Maximum
Test Installation,
^"o ; 1 st	 5th
98 13	 6
99 8
i00 9	 a
101 8	 4
102 11	 b
Seating
Torque, No. of Degrees
inch-pounds Cycles Movement
30 30,000 45
30 30,000 30
30 30,000 30
30 30,000 90
30 30,000 15
IOX Mag.
Visual
ins
	 . Remarks
No Cracks Passed
No Cracks Passed
No Cracks Passed
No Cracks Passed
No Cracks Passed
(1) Stress calculated at Tensile Str:.-ss Area (. 003 Red Pitch Dia. ) .01925
square inches.
(2) Stress calculated at twice nominal diameter area, .05671 square inches.
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TABLE VII
MECHANICAL PROPERTIES
Part No. Bolt	 EWB 1615-4-38 - Material - Waspaloy (150 ksi)
Part No.	 - Nut - FN 1418-428
Size - 1/4-28
1.	 Tensile -	 Base Material Properties (As Received)
.113 Specimens
Elon,
Test	 Test Temp, Ult.	 Stress,	 Yield Stress, Gage,	 . 5 in. Red. of Area,
No. OF psi psi °'o
1 -423 245, 300 173,700 20.0 19.0
2 -423 247, q00 192, 100 20.0 20.6
3 -423 238,700 188,200 18.0 20.8
4 70 193, 500 134,400 20.0 31.9
5 70 1919 500 129,400 20. 0 30.0
6 70 191, 500 130, 500 20.0 30.0
7 1400 139,700 109,600 12.0 15. 3
8 1400 1361400 111,400 14.3 17. 5
9 1400 140, 600 114,500 14.3 16.2
Bolt & Nut Properties (As Received)
Test	 Test Temp, Ult. Load, Ult.	 Stress, Yield Load, Yield
No. OF pounds psi0) pounds Stress,	 psi
-
10 -423 6$000 226, 200 6,900 194$100
l l -423 7,700 220,000 6,250 176,700
12 -423 7,900 223,400 5,600 158,300
13 7 U 6, 080 171,800 4,025 139,200
14 70 6, 110 172,.700 4. 800 135,700
15 r'0 6,100 172,400 4, 800 135,700
16 1400 5, 800 163, 900 4,4550 125,800
17 1400 s, 100 144,100 4,750 134,200
18 1400 5,650 159,700 -i, 400 124)300
(1) Stress calculated at tensile stress area (. 003 red pitch dia. ), . 03537 square
inc he s.
171
TABLE VII (continued)
Part No, EWB 1615-4-38
FN 922-428
1. Tensile (continued) -
Bolt & Nut Properties
As Relaxed - 50 Hours
Preload A - Not Tested
Preload B
Test	 Test Temp, Ult. Load, Ult.	 Str::ss, Yield Load,
No. ° F pounds psi(1) pounds
19 70 6,300 178, 100 5,000
20 70 6,340 179,200 5,000
21 70 6,280 177,600 5,100
2.	 Double Shear -
( As Received)
T e st	 Test Temp, Ult. Load, Ult.	 Stress,
No. OF pounds psi(2)
22 -423 15, 500 157,900
23 -423 15,200 154,800
24 -423 15.400 156,900
25 70 13, 000 132#400
26 70 13,000 1322400
27 70 13,000 132,400
28 1400 8,400 85,600
29 1400 8,800 89, 6001
30 1400 9, 300 94,700
(As Relaxed - 50 hours)
Preload A - Not Te sted
Preload B
31 70 12,950 1319 900
3? 70 13, 100 133,400
33 70 12,950 131,900
Yield
Stress, psi
141,400
141,400
144,200
(2) Stress calculated at twice nominal dia, area, . 09817 square inchez,
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TABLE V11 (continued)
Part No, EW x3 1615-4-38
YN 1418-428
3. Stress Rupture
Test Test Temp, Load, Load Stress, Time, Location
No, OF pounds psi(1) Hr s. of Failu re
3-1 1400 2,476 70,000 96. 3 T
35 1400 2,476 700000 63. 7 T
36 1400 2,476 70,000 100. 1 T
37 1400 3, 527 100,000 4.4 T
38 1400 3, 527 100,000 3. 5 T
39 1400 39 527 100,000 1.7 T
40 1400 40 242 120, 000 . 7 T
41 1400 4,242 120,000 . 5 T
42 1400 4,242 120,000 . 5 T
4. Stress Relaxation d 1400 ° F -
Preload A - Initial Stress - 86, 400 psi
Preload too high for this fastener system due to nut cracking after
installation at room temperature.
Preload B - Initial Stress - 56 1 500 psi
Test Hours Residual Stress
No. Run pounds psi 1)
43 10 1,698 48,000
44 10 1,598 451200
45 10
46 50 11025 28,900
47 50 1,025 28,900
48 50 1,075 30, 300
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TABLE VII (continued)
Part No. EWB 1615-4-38
Nut - FN 1418-428
5. Nut Reuse and Galling Tendency
After Soak @ -423°l
?,Maximum Torque to
Test	 Installation Seated Stress Induce Stress, Torque After Soak
No.	 inch-pounds psi0) inch-pounds Breakawa Removal
1 st Application
49	 20 81,000 300 240 18
50	 23 81,000 275 200 14
51	 28 81,000 280 260 20
52	 20 81,000 275 240 12
53	 20 81,000 265 250 1_0
2nd Application
49	 22 81,000 295 225 22
50	 14 81,000 280 210 13
51	 18 81,000 275 240 13
52	 16 81,000 270 250 12
53	 6 81,000 270 250 6
3rd Application
49	 14 81,000 285 210 8
50	 17 81,000 270 225 14
51	 12 81,000 275 240 16
52	 12 81,000 270 240 12
53	 6 81,000 275 230 8
4th Application
49	 22 81,000 295 250 16
50	 24 81,000 280 210 12
51	 18 81,000 280 260 16
52	 10 81,000 275 250 10
53	 9 81,000 270 250 8
5th Application
49	 16 81,000 290 225 11
50	 16 81,000 275 27,0 14
51	 14 81,000 275 240 15
52	 14 81,000 275 250 12
51 3 	 7 C-1,000 275 225 7
i
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"TABLE VII (continued)
Part No. E; D 1615-4-38
Nut - FN 1418-428
5. Nut Reuse and Galling Tendency
After Soak @ 7C°F
Maximum
Test Installation Seated Stress
No. inch-pounds psi(1)
1st Application
54 30 81,000
55 35 81,000
56 30 81,000
57 35 81,000
58 35 81"000
2nd Application
54 30 81,000
55 28 81,000
56 20 81,000
57 35 81,000
58 23 81,000
3rd Application
54 28 81,000
55 25 81,000
56 12 81,000
57 30 81,000
58 15 81,000
4th Application
Torque to
Induce Stress,	 Torque After Soak
inch-pounds
	
Breakawray Removal
260 230 22
230 210 30
240 200 23_
250 228 25
255 210 22
275 275 1.8
250 240 25
210 180 20
325 300 23
275 260 18
275 240 23
230 200 15
225 190 13
325 300 23
285 260 13
54 15 81,000 275 Dolt broke
55 23 81,000 220 160 18
56 15 81,000 220 180 12
57 25 81,000 325 280 20
58 18 81,000 285 260 13
5th Application
54 -- -- -- -- --
55 20 81, OCO 210 185 16
56 15 81,000 2"c5 190 11
57 23 81,000 325 295 16
58 15 81,000 275 240 12
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"'ABLE VII (continued)
C	 Part No. EWB 1615-4-38
Nut - FN 1418-428
5.	 Nut Reuse and Galling T^,ndency (continued) -
Af: er Soak @ 1400° F
Mauimnm Torque to
Test	 Installation	 Seated Stress Induce Stress, Torque After Soak
No.	 inch-pounds psi(') inch-pounds Breakaway Removal
1st Application
59	 28 81)000 225 110 30
60	 28 81,000 210 390 35
61	 33 81,000 200 375 30
62	 23 81,000 190 375 23
63	 35 81,000 215 400 33
2nd Application
59	 50 81,000 340 350 35
60	 3D 81,000 375 400 30
61	 45 81, 000 340 410 33
62	 20 81,000 360 400 20
63	 35 81,000 380 425 35
3rd Application
59	 40 81,000 325 350 35
60	 5C 81,000 350 410 40
61	 30 81,000 325 410 Galled
62	 25 81,000 365 425 30
63	 30 81,000 375 425 30
i
4th Application
5)	 30 81, 000 300 375 45
60	 28 81, 000 325 390 15
61	 -- -- - -- --
62	 35 81,000 360 400 20
63	 35 81,000 375 415 40
5th Application
59	 30 81,000 350 Bolt broke
60	 15 81,600 350 400 15
61	 -- - -- -- --
62	 2, 81,000 365 425 Galled
63	 30 81,000 364 Belt broke
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TABLE VII (continued)
Part No. E W B 1615-4-38
Nut - I• INJ 1418--128
6. Torque vs. Induced Load C Room Temperature -
Torque, Test No. 64 Test No. 65
inch-pounds Load, pounds Load, pounc's
50 1000 850
100 1900 2000
150 2750 3000
200 3850 3900
250 5200 4900
300 Bolt Broke Bolt Broke
Test No. 66
Load, pounds
850
2000
3100
4200
5000
Bolt Broke
7. Vioration - ALMA W10 -
Maximum Seat-*ng IOX Mag.
Test Installation, Torque, No. of Degrees Visual
No. lst 5th inch-pounds Cycles Movement Insp. Remarks
67 18 9 60 30, 000 30 N- Cracks Passed
68 17 11 60 30,000 30 No Cracks Passed
69 22 11 60 30,000 30 No Cracks Passed
70 22 12 60 30,000 60 No Cracks Passed
71 16 10 60 30, 000 15 No Cracks Passed
(1) Stress calculated at Tensile Stress Area (. 003 Red. Pitch Dia.) . 03537
square inches,
(2) Stress calculated at twice nominal diamet:r area of .09817 square inches.
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TABLE Vlll
MECHANICAL PROPERTIES
Part No. Bolt - EWB 1615-8-48 - Material - Waspaloy (150 ksi)
Part No, Nut FN 1418-820
Sizt-•: 1 /2-20x3, 741
1.	 Tensile -	 Btse Material Properties (As Received)
357 Specimens
Elong,
Test	 Test Temp, Ult.	 Stress, Yield Stress, Gage,	 . 5 in, Red. of Area,
No, ° F psi psi % 10
1 -423 216,100 158, 300 10. 7 14.0
2 -423 220,400 149, 100 12.8 16.2
3 -423 219,500 148,400 19. 3 20.8
4 70 185, 000 123,800 17. 8 20.8
5 70 187, 500 126, 300 18, 5 20. 8
6 70 184,400 123, 100 18. 5 20, 7
7 1400 133V600 109,000 14, 2 23. 7
8 1400 112, 500 98,000 12, 8 21.6
9 1400 113, 500 97, 500 11.4 18. 3
Bolt & Nut Properties (As Received)
Test	 Test Temp, Ult,	 Load, Ult,	 Stress, Yield Load, Yield
No, OF pounds psi(1) pounds Stress, psi
10 -423 31,800 201, 000 24, 500 155, 000
11 -423 32,600 206,200 24, 500 155, 000
12 -423 31, 500 199, 000 240 750 157, 000
13 70 26,400 167, 300 20,000 126, 700
14 7C 26, 500 167,900 19,875 126,000
5 70 26,700 169,200 20, 300 128, 600
16 1400 23, 700 150, 100 18, 000 114, 000
17 1400 24,200 153, 900 18, 500 117,200
18 1400 24,700 156, 530 18, 500 117,200
(1) Stress calculated at tensile stress area (. 003 red pitch dia. ), 1578 square
inc he s.
T.
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TABLE VIII (continued)
Part No. EWB 1615-8-48
FN 1418-820
1. Tensile (continued) -
Base Material Properties (As cycled)
357 Specimens
Cycled 12 Times
Seated at 83, 000 psi
70 0 to -423 0 F to 70° F - Cycling Tests Not Conducted.
70° F to 1400"F to 70° F
Elong.
Tent Test Temp, Ult.	 Stress, Yield Stress, Gage, 1.4in. Red. of Area,
N0, ° F psi psi TO 170
19 70 1931 100 127,400 20.0 20.8
20 70 187,000 119, 300 17.8 19, 2
21 70 189, 000 122,900 21.4 19.4
Bolt & Nut Properties (As Cycled)
70°F to -423°F to 70°F - Cycling Tests Not Conducted,
70° F to 1400° F to 70° F
Test	 'Vest Temp, Ult.	 Load, Ult,	 tress, Yield Load, Yield
No. ° F pounds psi.	 1 ) pounds Stress,
	 psi
22 70 26, 20^u 166, 000 18,900 11CI, 300
23 70 26, 300 1669 700 19,600 124,200
24 70 27,000 171, 000 20, 300 128, 600
Preload A As Relaxed - 50 Hours
25 70 27, 50C 176, 800 20,000 126, 700
26 ?0 27,400 173,600 19,800 125, 500
27 70 28#000 177, 400 22,400 1421 000
Preload B
28 70 27, 500 174; 300 201600 130, 500
29 70 27, 300 1731000 201600 130, 500
30 70 271 500 174, 300 19, 400 122, 900
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TABLE VIII (continued)
Part No. EWB 1615-8-48
FN 1418-820
2. Double Shear
(As Received)
Test Test Temp, Ult.	 Load,	 Ult.	 Stress,
No. OF pounds	 psi(2)
31	 (a) -423 34,000	 154,000
Shear Fixture Failed
32 70 471500	 121,000
33 70 49,500	 126,100
34 70 49,800	 126,800
35 1400 341800	 88,500
36 1400 35,800	 91,000
37 1400 35,200	 89,600
;a) .:,75 inch diameter
(As Cycled)
70° F to -423' F to 70° F - Cycling Tests Not Conducted.
70° F to 1400° F to 70° F
38	 70	 43$000	 109,400
39	 70	 44,500	 113,300
40	 70	 44,800	 114,100
(As Relaxed - 50 hours)
Preload A
41 70 42,800 109,000
42 70 44P200 ii-,60o
43 70 43,700 111, 30r'
Preload B
44 70 44,800 1140100
45 70 4511200 115,100
46 70 39,200 100,000
(2) Stress calculz.ted at twice nominal dia.	 area, . 39'-7 square inches.
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0TABI E VIll (continued)
Part No. E%VB 361-5-8-48
F-^ 1418-820
3.	 Stress Rupture
Te st Test Temp, Load,
No, OF pound s
47 1400 11,046
48 1400 11,046
49 1400 119046
50 1400 15,780
51 1400 159 780
52 1,100 15, 780
53 1400 19, 0"JO
54 i400 19, 000
55 1400 191000
4	 Str e ss Relaxation @ 1400° F
Lead Stress, Tine, Location
-psi(.' Hr s, of Failure
70, 000 115. 2 N. F.
70, 000 82. 3 T
70, 000 146. 0 N. F.
100,000 6. 3 T
100,000 2. 3 l
100,000 4. 8 T
120,000 . 6 T
120, 000 1. 2 1
120, 000 . 9 T
Preload A - Initial Stress - 74, 000 psi
Test Hours Stres s_Residual
No, Run no,,nds psi(l)
56 10 6,690 420400
57 10 51791 36, 700
58 10 6,580 411 700
59 50 3, 130 201 150
60 50 2,943 18, 650
61 50 2,700 17, 100
Preload B - Initial Stress - 46 1 200 psi
62 i0 41 387 27,800
63 10 4,497 28, 500
04 10 4, 592 21?, 100
65 50 1, 149 7, 280
66 50 it 149 7,280
67 50 1, 215 7, 700
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TABLE_ VIII (continued)
Part No. yWB 1615-8-48
Nut - FN 1418-820
5.	 Nut Reuse and Galling Tendency (continued) - -
After Soak at 70° F
Maximum Torque to
Test	 Installation	 Seated Stress Induce Stress, Torque After Soak
No.	 inch-pounds psi(l) inch-pounds Breakaway Removal
l st Application
68	 95 81,000 1000 850 50
69	 80 81,000 1150 900 52
70	 100 8?, X00 1000 800 70
71	 140 81,000 1100 900 45
12	 140 81,000 1050 850 65
2nd Application
68	 48 81,000 900 700 4C,
69	 50 81,000 900 750 40
70	 65 81,000 900 700 60
71	 40 81,000 900 700 40
72	 65 81,000 900 700 55
3rd Application
68	 43 81, u00 350 700 40
69	 45 81,000 900 700 45
70	 60 81,000 850 700 55
71	 40 81,000 900 700 40
72	 60 81,000 800 650 55
4th Application
68	 45 81,000 850 650 42
69	 45 81,000 900 700 35
70	 60 811,000 850 700 55
71	 45 817000 900 700 40
1 2	 55 8; , 000 8C 600 55
5th Application
68	 45 81,000 800 600 35
69	 45 81,000 850 700 42
70	 55 81,000 850 700 50
71	 50 81,000 850 700 30
72	 60 81,000 800 700 55	 'k
lg2
TABLE VM (continued)
Part No. EWB 1615-8-48
E	 Nut - FN 1418-820
5. Nut -Reuse and Galling Tendency (continued) -
After Soak at 14009 F
Maximum Torque to
Test Installation Seat,7d Stress Induce Stress, Torque After Soak
No. inch-novnds psi(1) inch-pounds Breakaway Removal
1st Application
73 110 81,000 1050 3800 100
74 105 81,000 1000 3600 100
75 100 81,000 1250 3400 80
7S 120 81,000 1000 3400 130
77 110 81,000 1150 3000 90
2nd Application
73 8L 81,000 2760 3600 90
74 90 81,000 2640 3400 80
75 7:; 81,000 2820 3400 70
76 80 81,000 2880 3600 90
77 70 81,000 2640 3400 100.
3rd Application
73 70 81,000 3200 3600 60
74 80 8i, 000 3000 3600 60
75 80 81,000 2800 3600 60
7o 100 81,000 2800 3600 100
77 FO 81,000 2600 3600 70
4th Application
73 50 81,000 2880 3600 80
74 80 81,000 2400 3200 60
75 80 81,000 2520 3400 60
76 90 81,000 2640 3600 70
77 100 81,000 2640 3400 70
5th Application
73 60 81,000 3000 3400 60
74 70 81,000 3000 3600 60
75 ;5 81,000 3000 3600 60
76 80 81,000 2700 3200 80
77 ^0 81,000 2800 3400 80
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Torque -	 Test No. 78 Test No. 79
inch-pounds Load, pounds Load, pounds
250 1,500 1,500
500 4,000 4,250
750 6,500 7,500
1000 9,500 10,500
1250 12,500 14, 500
1500 17,000 183-500
1750 19,500 20,000
Test No. 80
Load, pounds
1,500
3,500
6,250
9,000
11,500
16,500
18,000
TABLE VIII (continued)
Part No. EWB 1615-8-48
Nut - FN 1418-820
6. Torque vs. Induced Load @ Room Tem--ierature
7. Vibration - ALMA #10 -
Maximum Seating
Test Installation, Torque, No. of Degrees
No. 1st	 5th inch-pounds Cycles Movement
81 55	 35 300 30,000 30
82 55	 40 300 30,000 30
83 60	 35 300 30,000 30
84 55	 38 300 30,000 40
85 50	 40 300 30,000 35
1OX Mag.
Visual
Insp. Remark s
No Cracks Passed
No Cracks Passed
No Cracks Passed
No Cracks Passed
No Gracks Passed
(1) Stress calculated at Tensile Stress Area (.003 Red. Pitch Dia.) . 1578
square inches.
(2) Stress calculated at twice nominal diameter area, .3927 square inches.
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TABLE IX
SUMMARY OF RESULTS
EWBT815 & FINi216 - MATERIAL Ti7 Al-12Zr (150 KSI)
Material Pro; erties
0.2°14 Offset
U. T. S. - KSI - Yield - KSI Elongation - %
Test -
Temp• _ #1C	 _ 1/4 1/2 .'^10 1/4 1/2 #10 1/4
	 1/2
-423°F 272, 5 280.0 232.6 247.3 269.0 212, 3 6.0 -	 6.0	 3.6
267.0 291.8 235.0 255.8 267.4 213.0 6.0 6.0
	 3.6
28:.2 265.0 234.0 271.1 242.5 202.5 6.0 4.0
	 4.3
70°F 160.7 160.4 153.5 153.0 140.6 143.0 14.0 10.0	 15.0
156.3 159.3 153.7 151.5 147.3 145.7 14.0 10.0	 14.2
158.6 161.4 151. 1 155.9 144.7 141.3 14.0 10.0	 13. 5
750° F 117.0 119.8 113.0 92.5 93.9 97.5 18.0 19.0	 25.0
114.0 115.8 112. 0 93.4 89.3 97.0 18.0 20.0	 21.4
116.6 117.8 114.5 92.7 87.8 99.2 18.0 .20.0	 21.4
Reduction of Area - Q/o Shear Strength - KSI
Test
Temp. #10 1/4 1/2 #10 1/4 1/2
-423° F 17.2 ).6 148.1 135. 5 127.2
14.4 14.0 143. 5 146.7 128.0
17.4 10.0 9.9 149.9 137.5 131.0
70°F 39.8 38.5 44.5 109.0 105.9 105.7
36.2 38.5 43.3 106.3 107.0 107.0
37.9 38.5 41.3 108.0 107.0 105.9
750°F' 48.7 47.8 52.9 69.2 64.2 72.7
49.0 48.9 54.0 68.8 68.2 '1 J. 0
49.3 50.2 51.4 68.3 73.3 75.0
Bolt x Nut Properties -
Johnson's 2/3 Approx.
U. T. S. - KSI ( 1 ) Yield - KSI
Test
Temp. #10 1!4 1/2 #10 1/4 1/2
-423°F 224.1 240.6 216.0 N. Y. N. Y. N. Y.
228. 1 225. 5 180.0 N. Y. N. Y. N. Y.
230,1 255.7 191.0 N. Y. N. Y. N. Y.
70° F 162. 5 167. 7 156. 3 141.3 151.2 143.8
165.0 166. 3 157. 5 145.0 142. c 142. 5
165.0 166. 3 157. 5 143.8 149.8 140.7
750°F 128.5 1"1.3.7 123.2 110.0 98.9 106.3
130.1 125.7 120.3 116.3 107.9 95...
136. 5 125. 1 116.3 117. 5 108.6 96. 3
N.Y. -No Yield
(1) Stress calculated at tensile stress area
185
186
400	 -200	 0	 +GUU	 1:dU 600	 800	 1000 1200 1400
MATERIAL PROPERTIES
Tension Bolt - EWB T815
Material - Ti 7A1-12Zr ( 150 KSI)
Legend
LABQ►RATORlES#10 (. 113 Spec..) 	 -
J 1/4 (.113 Spec.)
1/2 (. 357 Spec.)	 -	 -^ -0---- - - 19Chart No.:	 - -	 - -
Avg. of 3 Tests Date:
I	 ^	 1 IIIIIIiiP IIIIIIIII Illllllll I	 _
- 300
200
00
w
100 =' ^ 1
30
Gage Length
113 Spec . 0. 5 inch~ s
20 357 Spec.	 1.4 inches
i
10
111111111
Test Temperature - OF
111H Ili	
i! 1 1 11 1 1 mi millimi
m
X4
4
ww
w +)
0 L
^ro
0 5+
U)
x-
co
V
14
J
4J
tD
s°
a
0
4J
M
rn
c
0
W
4UU	 ••.:UU	 U	 +GUU	 'tt)v	 KYl'v	 Ovv	 IUVV	 IL vv
BOLT & GOMFA.NIQN NUT PROPERTIES	 I
Tension Bolt - EWBT815
Material Ti7A1-12Zr (150 ksi)
Nut FN 1216 Material A-286 (160 ksi)
Silver Plated per AMS 2410
Legend LABORATORIES
##10-32.
1/4-Z8	 -- — —A	— —
Avg. of 3 Tests
Chart No.:	 20
Date:
Stress calcula ad at Tensile Stress Area
r300
00 —
_
-
=200
100
f
I^
i
I
-
_
Test Temperature
x
^o
a^
4
4.2
k
O H
ax
a
M x
6N O
t7 N
N
O U)
f r^
J
187
188
0	 10	 20	 RI 40	 50	 60
CYLINDER STRESS RELAXATION
Tension Bolt - EWBT815 - MaterialTi7AI
	 i2Zr ( 150ksi)
Nut FN 1216 - Material A- 286 (160 :{;.:^
Silvar Plated per AMS 2410
Te:,t Temperature - 750° F
Legend LA^D^ATORIES
#10-32	 o Preload A 21AI /4-28
	 —	 d Preload B Cbart No.:
1/2-20	 -- — — — — — —	 Avg. of 3 Tests Date:
I	 I-
140
lilt	 I t
120
R100
.80
20
Relaxation Time - Hours
1i
a^
W
v
a^
a^
H
i
x
WU)
P
TABLE X
MECHANICAL PROPERTIES
Part No. EWBT 815-3-34 - Material Ti 7A1-12Zr (150 !csi)
Part No. Nut FN 1216-1032 - Material A-286 (160 ksi)
Size - #10-32
1. Tensile -	 Base Material Properties (As Received)
.113 Specimens
Elong.
Test Test Temp, Ult. Stress : Yield Stress, Gage, .5 in. Red. of Area,
No. OF psi psi % %
1 -423 272#500 247 300 6.0 -
2 -423 267#000 255,800 6.0 14.4
3 -423 283$200 271, 100 6,o 17.4
4 70 160#700 153,000 14. 0 33/.8
5 70 1569300 1519500 14.0 36.2
6 70 158,600 155,900 14.0 37.9
7 750 1171000 92, 500 18.0 48.7
8 750 114$700 93,400 18.0 49.0
9 750 1169600 92, 700 18.0 49.3
Bolt & Nut Propex-ties (As Received)
Test Test Temp, Ult. Load, Ult.	 Stress, Yield Load, Yield
No. OF pounds psi0) pounds Stress, psi
10 -423 4$480 224,100 No Yield
11 -423 4,560 228,100 No Yield
12 -423 4,600 230, 100 No Yield
13 70 3,250 162,500 2,825 1.11, 300
14 70 3,300 1650000 -1,900 i45,000
15 70 3,300 165,000 2,875 143,800
16 750 20570 128,500 2,200 110,000
17 750 2,600 130,!00 2, 325 116,300
18 750 2,610 130, 500 2,350 117, 500
(1) Stress calculated at tensile stress area of , 01999 square ii:ches -
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TABLE X (continued)
Part No. E vv B T 815-3-34
FN 1216-1032
^.	 Tensile (continued) -
Base Material Properties (As cycled)
113 Specimens
Cycled 12 Times
Seated at 77, 000 psi
70°F to -423°F to 70OF
E long.
Test Test Temp, Ult. Stress, 'Meld Stress,	 Gar-e	 , 5 in, Red. of Area,
No. OF usi psi to
19 70 1569700 139, 100 16.0 40.0
20 70 1560800 137,900 16. 0 39.0
21 70 1579700 139,200 16.0 41.3
70 0 1' to 750°F to 70°F
22 70 1581300 1449700 14.0 40.0
23 70 1 56 1200 1402000 14.0 40.0
24 70 1561800 1419000 16.0 40.4
Bolt & Nut Properties (As Cye?°d)
70 O F to -423 0 F to 70OF
Test	 Test Temp,	 Ult. Load,	 Ult, Stress,	 Yield Load,	 Yield
(1)NC, OF
25 70
26 70
27 70
70 O F to 750°F to 70°F
28	 70
29	 70
30	 70
pounds psi pounds Stl ass,	 psi
3 $ 360 168, 100 2,930 146,600
3, 33 —Q.,vv 1 A0	 nnivvav >, '3	 nkn., 7vv ,en	 n1114, v0o
3, 370 168, 600 4, 940 117, 100
3,180 159,000 2,900 14 5, 000
3, 170 158, 500 2,900 14 5, 000
3,120 156, 000 2, 900 145, 001
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T.-%.B LE X i	 matinu.ed)
Part'No. EWBT 915-3-34
FN 1216-10-3;
Tensile #ro tiriu.edj -
Bolt $c lout Propertier
As Relsxed - 50 Flours
Preload A
Test Test fiamp, Ult. Load, Ult. Stress,
NO* °F' pounds psi-1l
31 70 3, 380 169,100
32 70 30250 1620600
33 70 39420 172,100
Yield Load, Yield
.^Ewxids Stress.,
3.040 1520100
2 0 940 147. 100:
3 0 175 : 58, 800
Preload B
34	 70	 3,150	 157,500	 2,820
35	 70	 '3, 200	 160, 000	 Z, 910
36	 70	 Bolt was damaged in disassembly.
2. Doub v Shear -
"As Received"
Ieat Test Temp, Ult. Load, Ult. Stress
No. °F pounds psi(?-)
37 -423 8,400 148,100
38 -423 80 140 143,500
39 -4w3 81500 149,900
40 70 51300 931 500
41 70 50 380 941800
42 70 59 360 94, 50'_.,
43 750 3, 925 69, 200
44 750 3,900 689800
45 750 3,8-(3 68, 30(f
141, 000
145,000
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TABLE X (continued)
Part No. EWBT 81. -3-34
FN 1216-1032
2.	 Double Shear (continued)_-
"As Cycled"
70°F to -423°F to 70°F
Test Test Temp, Ult. Load, Ult. Stress,
No. OF pounds psi(2)
46 70 5,530 971500
47 70 5,560 98,000
48 70 5,540 97,700 
70°F to 750°F to 70°F
49 70 5,450 961101)
50 70 5S410 95,40C
51 70 5,390 95, 100
As Relaxed (50 hours;
Preload A
52 70 6,000 1051 800
53 70 51890 103,900
54 70 5,990 1051600
Preload B
55 70 5,960 105,200
56 70 6,100 108,000
57 70 Bolt was damaged in disassembly.
(2) Stress calculated at twice nominal dia. , .05671 square inches
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TABLr: X (continued)
Part No. EWB T 815-3-34
FN 1216-1032
3. Stress Rupture -
Stress rupture tests at 750°F were not conducted. Fastener
assembly is not rupture sensitive as evidenced by 1/4 inch
results. The stress required for 100 hour life was <bove the
750°F yield strength.
4. Stress Relaxation C 750°F -
Preload A - Initial Stress - 92, 750 psi
Test Hours Residual Stress
No. Run op unds psi 1)
58 10 19760 881000
59 10 it 772 86, 125
60 50 10680 849000
61 50 1, 700 859000
62 50 12720 86,000
Preload B - Initial Stress - 57 9 500 psi
63	 10	 850	 429500
64	 10	 955	 473,750
65	 10	 1,000	 50,000
66	 50	 870	 43, 50f`
67	 50	 800	 402000
68	 50	 Bolt was damaged in disassembly
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TABLE X (continued)
Part No. EWBT 815-3-34
Nut - FN 1216-1032
5. Nut Reuse and Galling Tendency -
After Soak @ -423° F
Maximum
Test	 Installaticn Seated Stress
No.	 inch -pounds psi0)
1st Application
69	 8 81,000
70	 12 81, 000
71	 9 81,000
72	 12 81,000
73	 -- --
2nd Application
6?	 ? 0 81,000
70	 1^ 81,000
71	 9 81,000
72	 14 81,000
73	 -- --
3rd Application
69	 10 81,000
70	 14 81,000
71	 9 81,000
72	 12 81,000
73	 -- --
4th Application
69	 7 81,000
70	 10 81,000
71	 6 81,000
72	 11 81,000
73
	 -- •--
5th Application
69	 11 81,000
70	 16 81,000
71	 11 8i3O00 
Torque to
Induce Stress,	 Torque After Soak
inch-pounds Breakaway Removal
68 50 7
65 45 11
68 45 8
67 42 12
60 45 11
60 48 13
63 45 9
65 48 14
60 45 8
65 50 11
65 50 9
65 45 10
63 45 i
63 50 12
65 50 7
63 50 11
60 45 8
65 50 13
60 50 8
TABLE X (continued)
Part No. EWBT 615-3-34
Nut - FN 1216-1032
5. Nut Reuse and Galling Tendency (continued) -
After Soak at 70° F
Maximum Torque to
Tess	 Installation Seated Stress Induce Stress, Torque After Soak
No.	 inch-rounds ps1.(11 inch-pounds B: eakaway Removal
1st Application
74	 9 81,000 60 45 10
75	 13 81,000 60 45 10
76	 13 81,000 63 45 12
77	 8 81,000 60 43 10
78	 9 81,000 58 43 9
2nd Application
74	 10 81,000 60 43 10'
75	 12 81,000 59 43 13
76	 13 81,000 62 45 12
77	 10 81,000 60 43 10
78	 9 81,000 55 43 10
3rd Application
74 i0 81,000 60 40 1 1.
75 15 81,000 58 42 15
76 14 81.000 60 45 13
77 11 81, 000 61 45 12
78 g 81,000 59 41 10
4th Application
74 11 81,000 60 43 11
75 15 81,000 60 43 i2
76 13 81,000 65 43 13
77 12 81,000 63 45 12
78 10 81,000 58 43 12
5th Application
74 11 81,000 60 43 11
75 11 81,000 60 41 13
76 11 81,000 60 47 13
77 12 81,000 60 44 10
78 12 81,000 58 45 13
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TABLE X (continued)
Part No. EWBT 815-3-34
Nut - FN 1216-1032
5. Nut Reuse and Galling Tendency (continued)
After Soak @ 750° F
Maximum Torque to
Test	 Instillation Seated Stress Induce Stress, Torque After Soak
No.	 inch-pounds psi0)	 _ inch-pounds Breakaway Removal
1 st Application
75	 8 81,000 58 75 8
80	 it 81,000 60 80 14
81	 10 81,000 60 75 11
82	 11 81,000 60 75 11
83	 11 81,000 60 75 12
2nd Application
79	 8 81, 000 60 80 10
80	 12 81,000 65 80 13
81	 8 81,000 58 75 11
82	 10 81,000 60 80 10
83	 10 81,000 58 75 10
3rd Application
79	 7 81,000 58 70 8
80	 12 81,000 60 70 14
81	 8 81, VC 60 75 1 i
82	 8 81,000 60 70 10
83	 8 81,000 60 75 11
4th Application
?9	 10 81,000 60 65 9
80	 15 81,000 60 60 14
81	 8 81,000 58 70 12
82	 8 81,000 60 80 12
83	 11 81,000 60 60 12
5th Application.
79	 10 81,000 60 65 12
80	 16 81,000 60 70 14
81	 9 81,000 58 75 12
82	 10 81,000 58 80 15	 -_
83	 12 81,000 60 65 13
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TABLE X (continued)
Part No. EWBT 815-3-34
Nut - FN 12 16- 1032
6. Torque vs. Induced Load @ Room Temperature -
Torque
inch-pounds
50
75
100
125
Test No. 84
Load, pounds
800
1800
2600
3100
Test No. 85
Load, pounds
1000
2000
2750
3100
Test No. 86
Load, pounds
950
2000
3000
3250
7. Vibration - ALMA # 10 -
Maximum
Test	 Installation,
No.	 1 st	 5th
87 12 8
88 10 8
89 13 9
90 15 12
91 12 7
Seating IOX Mag.
Torque, No. of Degrees Visual
inch-pounds Cycles Movement Insp. Remarks
30 30,000 0 No Cracks Passed
30 30,000 0 No Cracks Passed
30 30,000 0 No Cracks Passea
30 30,000 0 No•CrackG Passed
30 30'00G 0 No Cracks Passed
(1) Stress calculated at Tensile Stress are of . 01999 square i:iches.
(2) Stress calculated at twice nominal diameter area, .05671 square inches.
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TABLE XI
MECHANICAL PROPERTIES
Part No. EV4BT 815-4-38 - Material - Ti 7A1-12Zr (150 ksi)
Part No. Nut FN1216-428 - Material A-286 (160 ksi)
Sizes - 1/4-28
1. Tensile -	 Base Material Properties (As Received)
. 113 Specimens
E.long.
Test Test Temp, Ult.	 Stress, Yield Stress, Gage,	 .5 in. Red. of Area,
No. 5 psi %
1 -423 2800000 269,000 6.o 17.2
2 -423 2911800 267, 500 _ 14.0
3 -423 2651000 2429500 10.0
4 70 1609400 1409600 i0, 0 38. 5
5 70 159, 300 147,300 10.0 38.5
6 70 161,400 144#700 10.0 38. 5
7 750 1193, 800 X13'900 18.0 47.8
8 750 1159800 89,300 20.0 '18.9
9 750 1179800 87,800 20.0 50. 2
Bolt & Nut Properties (As Received)
Test Test Temp, Ult. Load, Ult.	 Stress, Yield Load, Yield
No. OF pounds psi(1) pounds Stress,	 ps?
10 -423 8,750 2409600 No Yield
1? -423 80 200 225,500 No Yield
12 -123 9,300 2551700 No Yield
13 70 6,100 167, 700 5, 500 1519200
14 70 6,050 1661 300 51200 142$900
15 70 6,050 1669 300 59450 149,800
16 750 4,500 1231700 39600 98,900
17 750 4,547 125, 700 3,925 107,900
18 750 40 550 125, 100 3,950 108,600
(1) Stress calculated at tensile stress area of . 03637 square inches.
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TABLE XI (continued)
Part No. EWBT 815-4-38
FN 1216-428
1. Tensile (continued) -
Bolt & Nut Properties
As Relaxed - 50 Hours
Preload A
Test Test Temp, Ult. Load, Ult.	 Stress, Yield Load, Yield
No. ` F pounds psi(1) _eounds Stress, psi
19 70 5,980 1649400 5, 530 1529000
20 70 51850 1601800 5,420 149,000
21 70 59800 159,400 51410 1481700
Preload B
22 70 51840 1609600 59 500 1511200
23 70 59820 1609000 5, 550 1521600
24 70 59 690 1561400 52 350 1470 100
2. Double Shear -
''As Received''
Test Test Temp, i11t.
	
Load, Ult.	 Stress,
No. ° F pounds psi(2)
25 -423 13,300 1350 500
26 -423 140400 146, 700
27 -423 131 500 137#500
28 70 101400 105,900
29 70 10, 500 1070000
30 70 10, 500 10,; 0 000
31 750 6, 300 64, 200
32 750 61700 686200
33 750 71200 730 300
(2) Stress calculated at twice nominal dia. rea, . 09617 square inc ryes.
TABLE XI (continued)
Part No, EWBT 815-4-38
FN 1216-428
7	 Tlnl-lc Chn^r _
''As Relaxed'' (50 hrs.)
Preload A
Test Test Temp, Ult. Load, Ult.	 Stress,
No, OF pounds psi(2)
34 '0 109 500 1070000
35 70 100400 105,900
36 70 109 500 107,000
Preload B
37 70 102200 103,900
"8 70 109 000 101,900
39 70 109 100 102,900
3. Stress Rupture
Test Test Temp, Load, Load Stress, Time, Location
No, °F poands psi(1) firs, of Failure
40 750 49 0 73 1121000 113 N. F.
41 150 41,073 1121000 139 IN 	 F.
42 750 40073 1129000 132 N. F.
43 750 41364 120,000 100 N. F.
44 750 41546 1250 000 62.6 T
45 750 4,546 125, 000 100 N. F.
46 750 49546 1259000 100 N. F.
47 750 41546 1259000 Failed Loading
48 1 ^ 4, 546 1250000 1.00 N. F.
2C0
TABLE SCI (continued)
Part No. E%VBT 815-4-38
FN 1216-428
4. Stress Relaxation @ 750° F
Preload A - Initial Stress - 103, 000 psi
Test hours Residual Stress
No. Faun pounds psi(1)
49 10 39400 93f500
50 10 3, 146 86P500
51 10 31218 889 50C
52 50 2, 946 819000
53 50 21-851 78,400
54 50 21800 77.9000
Preload B - initial Stress - 64, 200 psi
55	 10	 21080	 57,200
56	 10	 21030	 571200
57	 10	 2, 051	 56,400
58	 50	 19749	 48, 100
59	 50	 11700	 46, 750
60	 50	 1,800	 49, 500
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TABLE XI (continued)
Past No. EWBT 815-4-38
FN 1216-428
5.	 Nut Reuse and Galling Tendency -
After Soak @ -423° F
Maximum
Test Installation	 Seated Stress
"U. inch-pounds psi^l)
1 st Application
61 25 81,000
62 24 81,000
63 25 81,000
64 27 81,000
65 27 81,000
2nd application
tot 27 81,000
62 28 81,000
63 27 is 1, 000
64 30 81,000
65 30 81,000
3rd Application
Torque to
Induce Stress,	 Torque After Soak
inch-pounds ^ Breakaway Removal
130 100 24
130 100 16
125 110 20
130 11.0 18
135 1.10 27
120 100 28
125 100 25
125 105 27
130 110 20
135 100 23
61 18 81,000 125 100 22
62 20 81,000 130 100 20
63 40 81,000 120 100 22
64 24 81,000 135 110 22
65 30 81,000 135 105 20
4th Application
61 30 81,000 125 100 25
62 22 81,000 125 90 22
63 26 81,000 123 100 22
64 28 8 1, 000 130 100 28
65 33 81,000 135 100 30
5th Applic ation
61 30 81,000 125 100 22
62 28 8 1, 000 130 100 19
63 35 81,000 125 110 25
64 27 81,000 125 100 20
65 2?_ 81, 000 130 105 22
202
TABLE XI (continued)
Part No. EWBT 815-4-38
Nut - FN 1216-428
5. Nut Reuse and Galling Tendenc;r (continued) -
After Soak at 70° F
-,laxirnum Torque to
Test	 Installation Seated Stress Induce Stres-, Torque After Soak
No.
	 inch-pounds 2si(1)	 ^ inch-pounds Breakaway Remove
1st Application
66	 24 81,000 125 95 20-
67	 22 81,000 125 ioo 20
68	 28 81,000 130 100 17
69	 22 81,000 11.0 80 1.5
70	 23 81,000 125 90 17
2nd r":pplication
66	 24 81,000 130 85 19
67	 24 81,000 125 90 24
68	 26 81,000 '_ZG 95 24
69	 24 61, 000 120 90 20
70	 25 81,000 125 90 22
3rd Application
66	 24 81,000 130 90 20
67	 24 81,000 130 90 22
68	 -18 81,000 17,0 95 15
69	 L8 81,000 17,5 90 24
70	 26 81,000 125 100 24
4th Application
66	 22 81,000 120 90 22
6723 8 1,000 125 100 24
68	 25 31,000 125 95 25
69	 27 81,000 125 95 22
70	 1)R U 1, 000 130 95 22
5th Application
66	 25 81,000 120 100 21
6 7 	24 81,000 125 95 20
68	 Z6 81,000 125 95 2-,
69	 Z5 61,000 120 80 20
70	 Z5 81,000 120 85 18
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TABLE XI (continued)
Part No. EWBT 815-4-38
Nut - FN 1216-428
5. Nut R,-use and Galling Tendency (continued)
After Soak @ 750° F
Maximum . Torque to
Test	 Installation Seated Stress Induce Stress, Torque After Soak
No.	 inch-pounds psi(1) inch-pounds Breakaway Removal
1 st Application
7i	 25 81, OOJ 120 160 16
7?	 16 81,000 120 160 14
73	 22 81,000 110 160 12
74	 18 81,000 125 160 14
75	 24 81,000 130 170 14
2nd Application
71	 22 81,000 105 160 23
72	 16 81,000 100 140 15
73	 16 81,000 90 140 15
74	 18 81,000 95 125 16
75	 20 81,000 115 140 20
3rd .Application
71	 24 81,000 140 180 24
72	 20 81,000 145 150 16
73	 18 81,000 120 160 14
74	 17 81,000 150 170 16
75	 24 81,000 145 170 20
4th Application
71	 24 81,000 170 180 25
72	 20 81,000 140 160 18
73	 16 81,000 140 170 15
74	 1P 81,000 150 180 16
75	 23 81-000 155 170 21
5th Application
71	 24 81,000 150 170 24
72	 22 81,000 i50 150 20
7?	 16 81,000 145 160 14
14	 16 81,000 160 170 16
75	 22 81,000 150 160 21
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TABLE XI (continued)
Part No. EWBT 815-4-38
Nut - FN 1216-428
6. Torque vs. Induced Load @ Room Temperature -
Test No. 77 Test No. 78
Load, pounds Load, pound;
450
1750 1500
3000 2650
5000 4000
5500 (B. B.) -
5250
5500 (B.
Torque	 Test No. 76
inch-pounds	 Load, pounds
	
50
	
500
	
100
	
1950
	
150
	
3300
	
200
	
5000
	
225
	 5500 (B. B.)
250
B. B. - Bolt Broke
7. Vibration - ALMA #10 -
Maximum
Test Installation,
No. 1st	 5th
79 35	 20
80 30	 15
81 25	 15
82 28	 20
83 25	 13
Seating
Torque,
	
No. of Degrees
inch-pounds Cycles Movement
60	 30,000	 0
60	 30,000	 0
60	 30,000	 0
60	 30,000	 0
60	 30,000	 0
'_OX Mag.
Visual
Insp. Remar
No Cracks Passe
No Cracks Passe
No Cracks Passe
Nc ,^ Cracks Passe
ljc ;racks Passe
(1) Stress calculated at Tensile Stre:.s Area of .03637 square inches.
(2) Stress calcui-ted at twice nominal diameter area, . 098 1.7 square inche
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TABLE XII
MECHANICAL PROPERTIES
Part No. EWBT 815-8-46 -Material - Ti 7A1-12Zr (150 ksi)
Part No. Nut FN 1216 -820 Material A-286 ( 160 ksi)
Size - 1/2-20
1. Ten sile -	 Base Material Properties (As Received)
.^
.357 Specimens
Elong.
Test Test Temp, Ult. Stress, Yield Stress, Gage, . 5 in. Red. of Area,
No. ° F psi psi % %
1 -423 2321 600 2129 300 3.6 9.6
2 -423 2351000 2130 000 3.6 -
3 -423 2341000 2021500 4.3 9.9
4 70 15-21500 143,000 15.0 44.5
5 70 153, 700 145, 700 14. 2 43. 3
6 70 1519100 1419300 13. 5 41.3
7 750 1139000 971 500 25.0 52.9
8 750 1129000 971 000 21.4 54.0
9 750 1149500 99, 200 21.4 51.4
Bolt & Nut Properties (As Received)
Test Test Temp, Ult. Load, Ult.	 Stress, Yield Load, Yield
No. °F pounds psi(1) pounds— Stress, psi
10 -423 349 500 2169000 No Yielr?
11 -423 281800 1809000 No Yield
12 423 30, 500 191,000 No Yield
13 70 251000 1569300 23,000 143,8,--0
14 70 25#Z00 157, 500 22,800 142, 500
15 70 251200 157, 500 22, 500 1401 700
16 730 19, 700 i23, 200 17,000 106, 300
17 750 19,250 1209 300 159200 95, 000 
18 750 18,600 116, 300 150400 9C, 300
(1) Stress calculated at tents ile stress area of , 1599 square inche s
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TABLE X11 (continued)
Part No. EWBT 815-8-46
FN 1216-820
1. Tensile (continued) -
Base Material Properties (As cycled)
.357 Specimens
Cycled 12 Times
Seated at 77, 000 psi
70° to -423°F to 70°F - Cycling Tests Not Conducted
70°F to 750°F to 70°F
Elong.
Test Test Temp, Ult. Stress,	 Yield Stress, Gage, .5 in. Red. of Area,
No. OF psi	 psi % %
19 70 149,300	 1409600 18.0 47.0
20 70 151, 600	 143,500 19.1 35.0
21 70 1500 700	 1439200 17.1 3;. 4
Bolt & Nut Properties (As Cycled)
70"F to -423° F to 70° F - Cycling Tests Not Conducted
70°F to 750°F to 70°F
Test Test Temp, Ult. Load, Ult.	 Stress, Yield Load, Yield
No. OF pounds (1) pounds Stress, psi
22 70 24,000 1509100 221250 1392 100
23 70 24,800 1559 100 229250 139, 100
24 70 23,600 147,600 220250 139, 100
As Relaxed - 50 Hours
Preload _-`%
2 :; 77 21,500 1341400 211000 131, 300
2c 70 21,700 1339700 21, 500 134, 500
', 70 23V300 145, 700 220 000 137,600
Preload B
23 70 22,000 137, 500 219750 1361000
29 70 230 500 146,900 231 250 1451400
30 70 23, 500 146,900 No Yield
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Part No. EWBT 81°^-8-4t)
FN i2.o-^s20
2. Double. Sher
"As Received"
Test Test Temp, Uit. Load, lilt.	 Stress,
No. ° r' pounds psi(2)
31 -423 501000 1270200
32 -423 50,300 128,000
33 -423 519 500 131,000
34 70 411500 105,700
35 70 423,000 107,000
36 70 411600 105, 900
37 750 28,500 72,700
38 750 28,600 73,000
39 750 29, 500 751 U00
"As Cycled"
70° F to -423° F to 70'F - Cycling Tests Not Conduct °d.
70°F to 750°F to 70°F
40 70 419300 102,600
41 70 411600 105,900
42 `10 409300 102,600
"As Relaxed" (50 hours)
Preload A
43 70 40,300 102,600
44 70 401300 102,600
45 70 39,200 9Q, 800
Preload B
46 70 39,300 1010000
47 70 39, 200 99, 800
48 70 39,00(, 99, 300
(2) Stress calculated at twice nominal dia. , . 3927 square inches,
208
TABLE XII (continues)
Part No. EWBT 815-8-46
FN 1216-820
3. Stress Rupture -
Stress rupture tests at 750* F were not conducted.
Fastener assembly is not considered rupture
sensitive as evidenced by 1/4 inch results. The
stress required for 100 hour life was above the
750'F yield strength.
4. Stress Relaxation C - 750° F
Preload A - Initial Stress - 82, 800 psi
Test Hours Residual Stress
No. Run ounds sp	 i(1)
49 10 i 1, 800 73,800
50 10 12,472 78,200
51 10 12,248 76,600
52 50 10,298 64,400
53 50 10,490 65,600
54 50 10,234 64,000
Preload B - Initial Stress - 51, 600 psi
55	 10	 8, 155	 51,000
56	 10	 8, 155	 51,000
57	 10	 7, 739	 48,400
58	 50	 6, 396	 40,000
59	 50	 6,680	 41, 800
60	 50	 6,748	 42,200
2_ a
TABLE :.II (continued)
Part No. EWBT 815-8-46
Nut - FN 1216-820 - Coated with SPS K 2 MoS2
5. Nut Reuse and Galling Tendency -
After Soak @ 70° F
Maximum Torque to
Test	 Installation Seated Stress Induce Stress, Torque After Soak
No.	 inch-pounds psi(	 ) inch-pounds Breakaway Remova
1st Application
61	 60 81,000 800 600 55
62	 60 81,000 750 600 70
63	 30 81,000 825 650 40
64	 65 81,000 775 675 70
65	 35 81,000 750 600 30
2nd Application
61	 50 81,000 825 600 50
62	 45 81,000 750 600 60
63	 3C 81,000 800 600 30
64	 40. 81,000 750 600 60
65	 25 81,000 725 575 25
3rd Application
61	 55 81,000 800 575 60
62	 45 81,+)00 775 600 55
63	 25 81,000 850 625 30
64	 40 81,000 750 600 60
65	 25 81,000 725 575 30
4th Application
61	 60 81,000 825 575 70
62	 45 81,000 725 575 55
o3	 25 81,000 800 625 35
64	 50 81,000 750 600 60
65	 25 81,000 725 600 30
5th Application
61	 70 81,000 800 575 80
62	 45 81,000 750 575 6C
63	 25 81,000 800 600 30
64	 40 8i3O00 775 625 60
65	 25 81,000 725 575 30
210
TABLE XII (continued)
Part No. EWBT 815-8-46
Nut - FN 1216 -820 - Coated with SPS K2MoS2
5. Nut Reuse and Galling Ten:iency (continued) -
After Soak ,a 750°F
Maximum Torque to
Test	 Installation Seated Stress Induce Stress, Torque After Soak
No.	 inch-pounds psi(1) inch-pounds Breakaway Removal
1 st Application
66	 65 81,000 825 750 85
67	 25 81,000 700 675 60
68	 60 81,000 825 750 70
69	 25 81,000 725 600 35
70	 60 81,000 750 650 70
2nd Application
66	 30 81, 000 825 750 80
67	 25 81,000 725 675 50
68	 25 81,000 800 800 75
69	 20 81,000 725 700 50
70	 35 81,000 750 700 65
3rd Application
66 30 81,000 850 800 85
67 30 81, 000 700 650 45
68 25 81,000 800 800 75
69 25 81,000 700 750 45
70 45 81,000 725 700 70
4th Application
66 30 81,000 825 750 80
67 30 81, C00 750 775 65
68 30 81,000 800 800 80
69 30 81, 000 725 800 60
70 60 81,000 750 750 70
5th Application
66 40 81,000 800 800 90
67 50 81,000 725 750 70
68 30 81,000 800 800 85
69 35 81,000 700 900 60
70 60 8 i, 000 750 750 70
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TABLE XII (continued)
Part No. EWBT 815-0-46
Nut - FN 1216-820
6. Torque vs. Induced Load @ Room Temperature--
Torque Test No. 71 Test No.
	
72 Test No. 73
inch-pounds Load, pounds Load, pounds Load, pounds
360 2,500 2, 500 2, 700
600 5,750 5,250 6, 000
840 9,500 7,500 9,000
1080 12,250 10,000 12,500
1320 13,750 13,500 14, 500
1560 16,250 16,250 17,500
1800 19,250 19,500 19,500
2040 22,000 22,000 21,500
Bolt Broke
7. Vibration - ALMA # 10 -
Maximum
Test Installation,
No. 1 st 5th
74 120 150
75 185 150
76 100 130
77 135 145
78 135 150
Seating
Torque, No. of Degrees
inch-pounds Cycles Movement
300 30,000 0
300 30,000 0
300 30,000 0
300 30,000 0
300 30,000 0
1OX Mag.
Visual
In.sp. _ Remarks
No Cracks Passed
No Cracks Passed
No Cracks Passed
No Cracks Passed
No Cracks Fas4ed
(1) Stress calculated at 'Tensile Stress Area of . 1599 square inches.
(2) Stress calculated at twice nominal diameter area .3927 square inc:i,^.>s.
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TABLE XIII
SUMMARY OF RESULTS
VS 1134, NAS 1271, NAS 1275 & FN1216 - MATERIAL Ti6A1-4V (160 KSI)
Material Properties -
0.2% Offset
U. T. S.	 - KSI Yield - KSI Elongation - %
Test
Te mp • #10 1/4 1/2 N10 1/4 1/2 #10 114	 1/2_
-4"23°F 335. 0 306.2 281, 4 - 288, 0 -7 81.4 6.o 5. 0	 3. 6
341 . n
_ 31'. n 2 -, -,	 A.i,: 313. 0 296,0 -cl4,4 4.0 "1.0	 4,3
338.0 308.Z 276, 1 314.0 294, 5 263.7 4.0 5, 0	 2,
70° F 181.2 168.4 170.8 170, 8 158, 7 158, 7 12.0 12.0	 14. 2
182.2 168, 5 171.7 169.7 162.9 160,5 12.0 10.0	 14.2
182.7 166.6 169.7 1 69. 3 159.6 155.4 12.0 10.0	 14.2
400° F 142.8 136.0 139. 5 134.6 127.0 121.0 14.0 16. 0	 16.4
1 51. 0 136.8 141. 5 128.5 128.4 123.3 14.0 14.0	 17.8
144.7 133.6 141. 5 132.8 125.2 128.5 16.0 12.0	 15.0
Reduction of Area - To Shear Strength - KSI
Te st
Temp. #10 1/4 1/2 #10 1/4 1/ 2
-4Z3 0 F 23,0 13.6 17.5 156.9 142.6 Test
5, 5 9.0 24.3 171.0 143. 6 Not
12.0 12. 3 17.9 163.1 1 31, 4 Conducted
70° F 44.0 49.8 49.6 113.4 11 :. 0 110.0 
44.0 51.8 52.9 115, 7 10a. 5 111, 0
48.9 51.0 51.3 115. 5 112.0 108.Z
400°F 57. 6 58.0 63.6 83, 8 81. 5 87. 5
45. 0 58. 3 64.4 85. 5 80. 5 89.7
s5.5 59.5 64.0 82.9 76.4 87.0
Bolt & Nut Proo.-^ rties -
Johnson's 2/3 Approx.
U. T. S. - KSI ( 1 ) Yield - KSI
Test
Temp • #10 1/4 1/Z 41 0 1/ 4 ^Y 1/Z
- •123° F 251. 1 Z45.3 203.0 N.Y. N.Y. N. Y.
267.6 266.7 236.0 N.Y. N.Y. N. Y.
241. 6 239.8 20.";, 0 N. Y. N.Y. N.Y.
70° F 178, 5 185. 5 184.4 165. 0 168.4 168.2
182. 5 178.0 185. 7 170.0 151, 2 168.8
1L2.. 5 178. 7 185. 1 170.0 153. 9 166.9
400° F 167, 5 140.2 156. 3 152. 5 1 1 3, 4 142. 2
17x3, 0 147. 0 15Z. 5 150.0 126. 4 14(), 7
162, 0 147.0 152, 5 1.18, 5 130. 0 1 38. Js
N. Y.
	 - No Yield
(1)	 Stres , calculated at tensile st.eas area
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MATERIAL PROPERTIES
Tension Bolt - VS 1134, NAS 1271 & NAS 1275
Material - Ti 6A1-4V (160 KSI)
Legend
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BOLT & COMPANION NUT PP.'1PERTIES
Bolt - VS1134, NAS 1271 & NAS 1275
Material Ti6A 1-4V (160 KSI)
Nut - FN1216 - Material A-286 (150 KSI)
I
Legend
#10-32	 -- LABORATORIES
1/4-28	 - --ly-- --
1/2-20 Chart No.:	
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,;YLINDER STRESS RELAXATION
Tension Bolt - VS 1134 - NAS 127'. & NAS 1255
Material Ti6A1-4V (160 ksi)
Nut FN1216 - Material A-286 ( 1 60 ksi)
Silver Plated per AMS 2410
LABORATORIESTest Temperature - 400°F
Legend
# 10-32	 o Preload A Chart No.:	 24
/4-28	 —	 o Preload B Date:
1/2-20
	 — — — — — — — —	 Avg. of 3 Tests
Q
120
00
I
I
g0
40
20
9
Relaxation Time - Hours
ttt^t111[1111111111t111111141111t1
10	 20	 30	 4U	 5(1	 60'
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TABLE XIV
MECHANICAL PROPERTIES
Part No. VS 1134-3-48 - Material - Ti 6A1-4V' (160 ksi)
Part No. Nut FN1216-1032 Material A-286 (160 ksi)
Size - #10-32
1.	 Tensile -	 Base Material Properties (As Received)
.113 Specimens
Elong.
Test Test Temp, Ult. Stress, Yielr? Stress, Gage, .5 in. Red. of Area,
No. _	 OF psi psi
1 -423 341, OCO 3132000 4.0 5.5
2 -423 3389000 314? OOO 4.0 12.0
3 -423 3359000 - 6.0 23. 0
4 70 181,200 170,800 12.0 44.0
5 70 182,200 169, 70C 12.0 44,O
6 70 182,700 169, 30O 12.0 48.9
7 400 1.12, 800 134.600 14.0 57.6
8 400 151, 0^0 1.?8, 500 14.0 45.0
9 IOU 114,700 132, 80'0 :6. 0 55.5
Bolt & Nut Properties (As :teceived)
Test Test Terrip, Ult. Lead, Ult.	 Stress, Yield Load, Yield
I`. o. '" F oun O s sIt 1) pounds— Stress, psi
10 -42 3 7, 0?2Q 251, 100 I`<o yield
11 -423 5, 35v 2o7,600 No Yield
le -423 4, 830 241,600 No Yield
13 70 3, 570 178, 500 31300
11 4 70 3,650 182, 51?0 3,400
15 70 3,650 182, 500 3,400
A 400 3, 350 167, 500 39050
17 400 3,260 l o 3, O00 3,000
18 400 31240 1012$000 2,970
(1) Stress cuiLU±ated at tensile stress area of . 01999 square inches.
165,000
170,000
170,000
152, 500
1509000
148, 500
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TABLE XIV (continued)
Part Yr.. VS 1134-3-48
FN 1216-1032
1. Tensile ( continued) -
Base Material Properties (As cycled)
. 113 Specimens
Cycled 12 Tinies
Seated at 77, OCO psi
70' to -423° F to 70 ° F
Elong.
Test Twit Temp,	 Ult. Stress,
No.	 OF psi
19	 70 1829,500
20	 70 184,900
21	 70 1859600
Yield Stress, Gage, .5 in. Red. of A v ^!^,,
Psi
164,900
	 iz. 0	 41.3
169,400	 12.0	 44.5
!67 9 500	 13.0	 40.0
70"F to 400°F to 70^F
22	 70	 1869300 169,500 14.0 43.0
23	 70	 176$800 1609000 16.0 50.0
24:	 70	 182,500 164,900 13.0 39.0
Bolt & Nut Properties (As Cycled)
70 0 E to -423° F to 70° F
Test Test Temp, Ult. Load, Lilt.	 Stress, Yield Load, Yield
No. OF pounds psi(1) pounds Stress, psi
25 70 3,700 18 5, 100 31380 1 6 9,100 
26 70 39 660 183,100 3,310 1659 600
27 70 3,630 181, be 00 30380 169, 100
70°F to 400°F to 70°F
28 70 3, 76 0 188, loci 3, 420 1,711000
29 70 3, 640 1821 100 3,400 170, 100
30 70 3, 570 2.76, l	 0 31270 163, 600	 ,
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TABLE YIV (continued)
Part No. VS 1134-3-48
FN 1216-1032
1.	 Tensile (continued)
Bolt & Nut Properties
As Relaxed - 50 Fours
Preload A
Test Test Temp, Ult. Load, Ult.	 Stress, Yield Load, Yield
No. OF pounds psi(l) _pounds Stress, psi
31 70 39770 1881 5OU 31490 1749500
32 70 3,730 1861500 3,400 17C, 000
33 70 3,780 189,000 3,500 1753, 000
Preloac B
34 70 311660 1839000 31380 169,000
35 70 3,740 1879000 31480 1749000
36 70 3,560 178, 000 31320 1669000
2. Double Shur
"As Received"
Test Test Temp, Ult. Load, Ult. Stress,
No. OF pounds psi(2)
37 -423 8, 9G0 156,900
38 -423 9,700 1710000
39 -423 9,250 163, 100
40 70 51 900 104,000
41 70 5,920 104, 400
42 70 5,910 104,200
43 400 4,750 83,800
44 400 4,850 85, 500
45 400 4,700 82,900
? lq
TABLE XIV (continued)
Part No, VS 1134-3-48
FN 1216-1032
2. Double Shear (continued) -
Test Test Temp
	
No.	 OF
70° F to -423"F to 70° F
	
46	 70
	
47	 ?0
	
48	 70
"As Cycled"
Ult. Load,	 Ult. Stress,
	
pounds	 12sit'2)
	7 	 101,700
	
5, 880	 103,700
	
5 P 760	 101,600
70°F to 400°F to 70°F
49	 70
50	 70
51	 70
5 2 800	 102,300
5 0 870	 1039 500
5,790	 102$100
"As Relaxed" (50 hours)
Preload A
52	 70	 59860	 1039300
53	 70	 5#820	 102, 300
54	 70	 5,920	 1049400
Preload B
55	 70	 5,800	 102,300
56	 70	 5, 680	 100,200
57	 70	 5,600	 98,700
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TABLE XIV (continued)
'.	 Jtr- 3 i t.iiDt :rc
st st Temp, Loa3, Load Stress, Time,	 Location
uound s psi(1) Hr s.	 of Failure
;8 400 3,116 155,900 100	 N. F.
400 39 116 155,900 Failed loading
tr0 400 39 116 155, 900 Failed loading
b 1 400 31000 1509000 135.9
	
N. F.
b2 400 39000 150,000 100.0	 N. F.
63 400 3,000 1500000 304. 7
	 N. F.
Testing discontinued because stress required for 100 hour life is equal
to 400°F yield strength,
N. F. - No Failure
4. Stress Relaxation @ 400° F
Preload A - Initial Stress - 100, 100
Test Hours Residual Stress
No. Run pounds psi 1)
63 10 2,000 1009000
64 i 0 29 000 100,000
65 10 2,000 100,000
66 50 .1, 960 989000
67 50 1, 970 98,500
68 50 1,940 971000
Preload B - Initial Stress - 04, 500 psi
69 10 1,260 63,000
70 10 1, 260 639000
71 10 1,260 63.000
72 50 1,250 621500
73 50 19230 619 500
74 50 1, 250 62, 500
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TABLE XIV (continued)
Part No. VS 1134-3-48
Nut - FN 1216- 1032
5. Nut Reuse and Galling Tendenc
After Soak @ -423° F
Maximum
Test Installation Seated Stress
No. inch-pounds psi(1)
1st Application
75 10 86,409
76 9 86,400
77 12 86,400
78 12 86,400
79 10 86,400
2nd Application
75 15 86,400
76 12 86,400
77 13 86,400
78 12 86,400
79 12 86,400
3rd Application
75 14 86,400
76 11 86,400
77 9 86,400
78 12 86,400
79 11 86,400
4th Application
75 11 86,400
76 9 86,400
77 13 86,400
78 11 86,400
79 11 86,400
5th Application
Torque to
Induce Stress,
	
Torque After Soak
inch-pounds Breakaway Removal
68 50 9
70 50 8
70 50 10
68 50 8
65 45 8
70 50 14
70 60 13
67 50 12
65 48 12
68 48 13
65 50 12
60 50 10
63 40 8
65 45 11
65 50 10
65 40 11
70 50 10
68 55 12
68 45 10
65 50 11
75 14
76 14
77 14
78 13
79 12
86,400 65 50 14
86,400 60 45 12
86,400 67 50 11
86,400 70 45 12
86,400 70 50 12
222
TABLE XIV (continued)
Part No. VS 1134-3-48
Nut - FN 1216- 1032
5. Nut Reuse and Galling Tendency (continued)
After Soak at 70° F
Maximum Torque `o
Test	 Installation Seated Stress Induct- Stress, Torque After Soak
No.	 inch-pounds psi(,) inch-pounds Breakawa	 Removal
1st Application
80	 9 86,400 55 35 5
81	 11 86,400 60 40 9
82	 12 86,400 60 4L 8
83	 8 86,400 55 38 9
84	 9 86,400 55 40 8
2nd Application
80	 7 86,400 52 33 5
81	 14 86,400 55 40 11
82	 12 86,400 58 40 11
83	 11 86,400 58 40 9
84	 10 86,400 60 42 10
3rd Application
80	 8 86,400 55 35 7
81	 14 86,400 60 40 12
82	 13 86,400 60 45 12
83	 10 86,400 65 50 10
84	 14 86,400 60 45 14
4th Application
80	 14 86,400 52 30 8
81	 13 86,400 58 40 12
82	 15 86,400 60 40 14
83	 11 86,400 62 42 11
b4	 14 86,400 60 40 10
5th Application
80	 8 86,400 55 35 5
81	 14 86,400 60 40 11
82	 14 86,400 63 40 14
83	 11 86,400 60 37 12
84	 12 86,400 60 40 9
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TABLE XIV (continued)
Part No. VS 1134-3-48
Nut - FN 1216-10-32
5. Nut Reuse and Galling Tendency (continued)
After Soak (a 400° F
Maximum 'Torque to
Test	 Installation Seated Stress Induce Stresz,, Torque After Soak
No._	 inch-pounds psi(,) inch-pounds Breakaway Removal
1st Application
85	 11 86,400 60 55 7
86	 14 86,400 60 55 10
87	 12 86,400 67 65 11
9 8	 9 86,400 55 50 7
89	 8 86,400 60 60 6
2nd Application
85	 11 86,400 60 50 8
86	 14 86,400 60 55 13
87	 13 86,400 65 60 12
`3	 9 6^), 400 50 50 7
89	 7 86,400 65 60 9
3rd Application
85	 14 86,400 60 52 12
86	 19 86,400 65 55 16
87	 16 86,400 65 60 14
88	 10 86,400 55 55 9
89	 10 86,400 70 60 9
4th Application
85	 13 86,400 60 48 9
86	 16 86,400 70 55 14
87	 16 86,400 68 55 14
88	 9 86,400 55 50 8
89	 10 86,400 70 60 9
5th Application
85	 14 86,400 60 50 12
86	 12 86,400 68 55 12
87	 14 86,400 68 60 13
88	 8 86,400 60 52 8
89	 9 86,400 65 55 8
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TABLF. XIV (continued)
Part No. VS 1134-3-48
Nut - FN 1216-1032
6. TczLque vs. Induced Lcad 4P Room Temperature -
Torque
inch-pounds
25
50
75
100
125
Test No. 90
Load, pounds
250
1250
2200
3000
3200 (B. B. )
Test No. 91
Load, pounds
600
1400
2350
3 150 (B. B. )
Test No. 92
Load, pounds
250
1200
2300
2300 (B. B. )
B. B. - Bolt Broke
7. Vibration: - ALMA #10
Maximum Seating lox Mag.
Test Installation, Torque, No. of Degrees Visual
No. 1 st	 5th =nch-pounds Cycles Movement In 	 _ Remarks
93 10	 8 30 30,000 0 No Cracks Passed
94 11	 10 30 30, 000 0 No Cracks Passed
95 15	 14 30 30,000 0 No Cracks Passed
96 15	 10 30 30,000 0 No Cracks Passed
97 13	 8 30 30,000 0 No Cracks Passed
(1) Stress calculated at Tensile Stress Area of .01999 square inches.
(2) Stress calculated at twice nominal diameter area, .05671 square inches.
225
TABLE XV
MECHANICAL PROPERTIES
Part No, NAS 1271-38 - Material Ti UA14V (160 ksi)
Part No, Nut FN1216-428 - Material A-286 (160 ksi)
Size - 1/4-2""x2. 860
1. Tensil e -	 Base Material Properties (As Received)
113 Specimens
Elong.
:Est Test Temp, Ult.	 Stress, Yield Stress, Gage,	 .5 in. 'reed. of Area,
No. OF psi s  %
1 -423 3069200 288,000 5, 0 13.6
2 -423 311,000 27v, 000 4.0 9.0
3 -423 308, 200 294, 500 5. 0 12. 3
4 70 168,400 1609000 12.0 49.8
5 70 lao	 500 162,900 10.0 51, 8
6 70 166f600 159, 600 10. 0 51. 5
7 40G 1- . 1 000 1279 C00 16,0 58. 3
8 400 i 36 1 800 ].28, 400 14,0 58. 3
9 400 133, 6-00 125,200 12.0 59. 5
Bolt & Nut Properties (As Received)
Test Test Temp, L+lt,	 Load, Ult,	 Stress, Yield Load, Yield
No, OF ^oounas psi(1) _-ends Stress,	 psi
10 -423 8,920 245)300 Y4.eld
11 -423 9,700 266,700 No Yield
12 -423 8,650 237,800 No Yield
13 70 6,750 1, 5, .500 61 125 1'..)8t 400
14 70 6,475 1789 000 5, 500 151, 200
15 70 6,500 178, 700 5,60C 153, 900
16 400 5,100 140, 200 4,1125 113,400 
17 400 5,350 147, 000, 4,600 14-6,400
18 400 5,350 1A=?, 000 4,750 130t600
(1) Stress calculated at tensile stress area of .03637 square inches.
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TABLE XV (continv^d)
Part No, NAS 1271-33
FN12? 6-428
1. Tersile (continued) -
Bolt & Nut Properties
As Relaxed - 50 Hours
Preload A
Test Test Temp, Ult. Load, Ult.	 Stress, Yield Load, Yield
No. °F pounds psi(') pounds Stress, psi
19 70 60680 1830600 5, 70 1581300
20 70 6$620 182, 000 5, 710 156, 900
21 70 69630 182, 200 6.000 164,900
Preload B
22 70 6, 760 185,900 =! y 900 1629 200
23 7C 69 720 184,800 5,650 1559300
24 70 60610 181, 100 5, 700 156,700
2. Double Shear
''As Recezvcd''
Test Test Temp, Ult. Load, Ult.	 Stress,
No. °E'' pound s p si(2)
25 -423 1410010 142,600
26 -423 14, 100 1439600
27 -4L3 12,900 131, 400
28 70 10, 900 111,000
29 70 100 750 109, 500
30 70 11, 000 112,000
31 400 8.000 81, 500
32 400 7,900 80, 500
33 400 7, 500 76,400
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TABLE: YV (continued)
Part No. NAS 127 1 -38
FN 12'16-428
1. I'ic^ublA Shear (continued)
''As Relaxed" (50 hours)
Preload A
Test Test Temp, Ult. Load, Ult.	 Stress,
Into. OF pounds psi(2)
34 70 108700 109,000
35 70 101750 109,500
36 70 10,650 108, 500
Preload B
37	 70	 10,300	 1 U4, 90C
38	 70	 101500	 107$000
39	 70	 101700	 109,000
3. Stress Rupture
Stress rupture tests at 400°F were not conducted.
Fastener assembly is not rupture se-isitive as
evidenced by #10-32 results. The stress re-
quired for 100 hour life is equal to the 400°F
yield strength;
4. Stress Relakation @ 400°F
Preload A - Initial Stress - 100, 000 psi
Test Hours Residual Stress
No. Run Founds psi0)
40 10 3,546 97,500
41 10 3, Soo 96, 201
42 10 3,473 95, 5010
43 50 3, 500 969. 00
44 50 3, 500 96, 200
45 50 3,400 Q3, 501)
6o	 ,
TABLE XV (conttinae;l)
Part No. NAS 1271-38
FN 1216-428
4. Stress Relaxation @? 40,0 0 F (continued)
Preload B _ Initial Stress - 65 1 000 psi
Test Hours Residual Stress
No. Run pounds psi(,)
46 10 2,250 61,900
47 10 21250 61,900
4S 10 22218 61#000
49 50 28200 60,500
50 50 2, 250 61,900
51 51) 21218 611000
2^9
TABLE XV (continued)
Part No. NAS 1271-38
Nut - FN 1216-428
5. Nut Reuse arid Galling Tendency -
After Soak C -423° F
Maximum
Test Installation Sc :ed Stress
No. inch-pounds psi(1)
1st Application
52 24 86,400
53 24 6:6, 400
54 22 86,400
55 25 86,400
56 23 (36.400
2nd Application
52 35 86,400
53 32 86,400
54 30 86,400
15 24 86,400
56 22 86,400
3rd Application
52 28 86,400
53 25 86,400
54 33 86,400
55 28 86,400
56 15 86,400
4th Application
52 22 86,400
53 20 86,400
54 26 86,400
55 25 86,400
56 24 86,400
5th Application
52 32 86,400
53 33 86,400
54 30 8b,400
5J 25 86,400
56 32 86,400
Torque to
Induce Stress,
	 Torque After Soak
inch-pounds
	 Bre.aka:vay Removal
130 110 18
130 100 20
130 110 16
121 105 22
125 100 18
135 100 25
125 100 30
120 110 23
120 100 20
130 110 22
125 90 20
130 90 16
120 100 21
125 95 21
125 90 14
135 90 25
130 100 28
130 ion 25
125 95 22
130 100 20
130 90 20
130 90 25
125 95 23
120 95 23
125 95 20
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TABLE XV (continued)
Part No. NAS 1271-38
Nut - FN 1216-428
5. Nut Reuse and Galling Tereancy (continued)
After Soak at 70° F
Maxirzum
Test	 Installation	 Seated Stress
No.	 inch-pounds	 psi(,)
1 st Application
Torque to
Induce Stress,	 Torque After So^.k
inch-pounds Breakaway Removal
57 20 86,400 130 100 11
58 ?.2 86,400 130 100 14
59 23 86,400 13C' 95 20
60 Z4 86,400 125 90 16
61 20 86,400 125 95 14
2nd Application
57 14 86,400 125 85 10
58 22 86,400 125 95 18
59 23 86,400 125 90 22
60 24 86,400 125 85 20
61 22 86,400 120 90 18
3rd Application
57	 14 86,400 120 90 12
5 ,J	 24 86,400 140 100 21
59	 21 86,400 120 95 22
60	 26 86,400 130 90 24
6 1 	25 86,400 125 90 18
4th Application
57	 14 86,400 110 80 10
58	 26 86,400 145 110 24
59	 20 86,400 130 100 18
60	 26 86,400 12.5 90 25
61	 24 86,400 120 85 19
5th Application
57	 13 86,400 110 80 12
58	 24 86,400 140 105 24
59	 20 86,400 135 100 22
60	 26 86,400 125 95 26
6 1	20 86,400 125 90 22
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TABLE XV (continued)
Part No. NAS 1271-38
Nut - FN 1216-428
5. Nut Reuse and Galling Tendency (continued)
After Soak at 400° F
Maximum Torque to
Test	 lnstalla*.ion Seated Stress Induce S-ress, Torque After Soak
No.	 inch-pounds psi(,) inch-pounds Breakaway Removal
1st Application
62	 24 8,,400 125 115 16
63	 26 86,400 130 120 "20
64	 26 86,400 130 115 14
65	 24 86,400 130 120 16
66	 25 86,400 135 120 20
2nd Application.
62	 22 86,400 125 110 18
63	 24 86,400 130 105 22
64	 20 86,400 130 100 16
65	 25 86,400 135 110. 20
66	 27 86,400 135 120 22
3rd Application
62	 24 86,400 130 100 18
63	 25 86,400 130 1000 22
64	 21 86,400 130 100 20
65	 26 86,400 135 110 22
66	 24 86,400 130 110 20
4th Application
62	 20 86,400 130 110 18
63	 24 86,	 1 :00 125 li0 22
64	 23 86,400 130 i10 20
65	 24 86,400 135 120 20
66	 22 86,400 130 115 27
5th Application
52	 22 86,400 130 110 i2
63	 24 86,400 130 110 20
64	 25 86,400 130 120 16
65	 24 86,400 135 110 14
66	 22 86,400 130 110 22
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TABLE XV (continued)
Part No. NAS 1271--38
Nut - FN 1216-428
6. Torque vs. induced Load @ Room Temperature -
Torque,
inch-pounds
50
75
100
125
?50
175
200
225
250
275
Test No. 67
Load, pounds
850
1200
2050
2450
3350
4050
4700
5300
5600
Bolt Broke
Test No. 68
Load, pounds
550
1700
2150
2750
3300
4050
4750
5400
Bolt Broke
Test No. 69
Load, pounds
750
1250
1750
2350
2900
3400
4150
4950
5450
Bolt Broke
7. Vibration. - ALMA #10 -
Maximum Seating
Test Installation, Torque; No. of Degrees
No. 1st	 5th inch-pounds Cycles Movement
70 15	 10 60 30,000 0
71 '_8	 12 60 30,00v' 0
72 12	 8 60 30,000 60
73 15	 10 60 30,000 0
74 13	 10 60 30,000 0
lox Mag.
Vlsua1
:n.sp. Remarks
No Cracks Passed
No Cracks Passed
No Cracks Passed
No Cracks Passed
No tracks Passed
(1) Stress calculateC. at Tensile Stress Area of .03637 sgcare inches.
(2) Stress calculated at twice nominal diameter area .09817 square inches.
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TABLE XVI
MECHANICAL PROPERTIES
Part No. NAS 1275-48 - Material - Ti 6A1-4V (160 ksi)
Part No. Nut FN 1216-820 - Material A-286 (160 ksi)
Size 1 /2-20x3. 741
1.	 Tensile -	 Base Material Properties (As Received)
Elong.
Test	 Test Temp, Ult.	 Stress, Yield Stress, Gage,	 .5 in. Red. of Area,
No. OF psi psi % %
1 -423 2819400 2811400 3.6 17.5
2 -423 277,400 2740400 4.3 24.3
3 -423 276, 100 263,700 Z. 9 17.9
4 70 1701 800 158,700 14.2 49.6
5 70 171,700 160,500 14.2 52.9
6 70 169,700 1559400 14.2 51. 3
7 400 139,500 1219000 16.4 6 3. 6
8 400 1410500 123, 300 17.8 64.4
9 400 141, 500 1289500 15. 0 64.7
Bolt & Nut Properties (As Received)
Test Test Temp, Ult. Load, Ult.	 Stress, Yield Load, Yield
No. OF pounds _ psi( l ) _ pounds Stress, psi
10 -423 329 500 2032000 No Yield
11 -423 37,800 236,000 No Yield
12 -423 321400 202,200 No Yield
13 70 29,500 184,400 26,900 168,200
14 70 29,700 185, 700 279000 168,800
15 70 29,600 185, 100 26,700 166,900
16 400 25P000 156, 300 22,750 1420200
17 400 241400 152, 500 229 500 140,700
18 400 24,400 152, 500 221 200 1 38, 800
(1) Stress calculated a. ten-ile stress area of . 03637 square inches.
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T i^.BLE XVI (continued)
Part No. NAS 1275-48
FN 1216-820
1. Tensile ( continued) -
Base Material Properties (As cycled)
.357 Specimens
Cycled 12 Times
Seated at 77, 000 psi
70° F to -423° F to 70° F - Cycling Tests Not Conducted.
70°F to 400°F to 70°F
Test Test Terap,
No.	 OF
19	 70
20	 70
21	 70
Elong.
Ult.	 Stress, Yield Stress, Gage, 1 . 4in, Red, of Area,
psi psi u %
171 9 800 1610 700 17, 1 56.9
171,800 162,700 13. 5 56.0
170,800 161,700 13. 5 54.8
Bolt & Nut Properti, s (As Cycled)
70°F to -423°F to 70°F -- Cycling Tests Not Conducted,
70°F to 400°F to 70°F
Test Test Temp, Ult.	 Load, Ult.	 Stress, Yield Load, Yield
No. OF pounds psi ( 1 ) pounds Stress,	 psi
22 70 28,900 180, 700 26, S00 167,600
23 70 29,800 18o,400 26, 700 168,200
24 70 27,400 171,400 27, 300 170,700
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TABLIE XVI (continued)
Part No. NAS 1275-48
Fn' 1216-820
1. Tensile (continued) -
As Relaxed - 50 Hours
Preload A
Test Test Temp, Lilt. Load, Ult.	 Stress, Yield Load, Yield
No. OF pounds psi(l) pounds Stress,	 psi
25 70 281500 178P200 270 500 172,000
26 70 27, 500 171,900 27, 000 168,900
27 70 271000
 '68, 800 26, 00u 162,600
Preload B
28 70 27, o00 172,600 25, 750 161,000
29 70 26,800 167,600 25#500 159,500
30 70 271700 173, 200 26,000 1620600
2,	 Double Shear -
Received"
Test Test. Ternp, TT:^.	 Load, Ult.	 Stress,
No. ° F pounds psi(2)
-423
	
Test not conducted.	 Shear fixtures being redesigned.
31 70 43,200 1101000
32 70 43,600 111, 000
? 3 70 42,500 108, 200
3 _ 4.00 34, 400 87, 500
35 400 35, 300 89, 700
36 400 34,200 87, 000
236
TABLE XV' (continued)
Part No. NAS 1275-48
FN 1216-820
Z. Double Shear -
''As Cvcled"
70 I
 F to -423° F to 70° F - Cycling Tests Not Conducted.
70° F to 400° F to 70° F
Test Test Ternp, Ult.	 Load, Ult.	 Stress,
No. OF pounds psi(-)
37 70 410 700 106,200
38 70 41,000 104,400
39 70 40,900 104,200
As Relaxed. - 50 Hours
Preload A
40	 70	 429 300	 107, 700
41	 70	 41,800	 106,400
42	 70	 41,900	 106,700
Preload B
43	 70	 41, 100	 104,700
44	 70	 42, 500	 108,200
45	 70	 42, 700	 108, 700
(21 Stress calculated at twice nominal dia, , . 3927 square in_hes.
3, Stress Ruptu_• c -
Stress rupture tests at 400°F were not conducted.
Fastener z! ssernbly is not onsidered to be rupture
sensitive as evidenced by 10-32 results. The
stress required for 100 hour life was equal to the
400° F yeild strength.
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TABLE XVI (continued)
Pai-t No. NAS 1275-45
FN 1216-820?
4. Stress Relaxation (i1
-
400°E -
Preload A - Initial Stress - 93, 100 psi
Test Hours Residual Stress
No _ - Run pciinds si(1)
46 10 14,600 91,300
47 10 ! 4, 310 89,500
48 10 14,486 90,600
49 50 14,183 88,200
50 50 14,183 88,700
51 50 14,183 88,700
Pr load B - Initial Stress - 57, 500 psi
5) 10 8, 986
53 10 8,890
54 10 8,890
55 50 8,986
56 50 8, 890
57 50 8, 890
56,200
55,600
55,600
56, 200
55,600
55,600
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FABLE XVI (cor,:inued)
Part No. NI AS 1275-48
Nut - FN 1216-820 - Coated with SFS K 2 1VIoS2
5. Nut R euse and Galling Tenden cy (continued) -
After Soak 4 70° F
Maximum Torque to
Test	 Installation Seated Stress, Induce Stress, Torque After Soak
No.	 inch-pounds
^Pse(1)	 _ inch-pounds Breakawav Remova;
1st Applicat ion
58	 50 86,400 800 625 60
59	 30 86,400 725 600 35
60	 60 86,400 750 575 65
61	 55 86,400 825 6Z5 60
62	 35 86,400 800 600 35
2nd Application
58	 45 86,400 825 600 60
5°	 30 86,400 700 550 35
60	 40 86,400 750 575 55
61	 40 36,400 850 650 55
62	 25 86,400 775 625 30
3rd Application
58 50 86,400 82S 600 60
59 35 96,400 700 550 40
60 45 36, '100 725 600 60
61 40 86,400 800 650 55
62 ,_5 8o,400 750 625 35
4th Application
58 50 86,400 800 600 60
59 86,400 750 530 40
60 45 86,400 725 575 60
31 40 86, 400 825 625 50
62 ?0 86,400 750 625 30
5th Application
F^8 50 8(-,400 800 650 65
59 30 86,400 725 550 40
60 50 86,400 725 600 60
61 40 86,400 80f` 650 45
62 25 86,400 825 600 30
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TABLE XVI (continued)
Part No. ti AS 12?5-48
Nut - FN 1216-820 - Coated with SP S i':Z
5.	 Nut Reuse and Gallirg Tendency (continued) -
After Soap (Q? 400° F
Maxin:un: ForCiUO t0
Test	 Installation Seated Stress, induce Stress, Torque after Soak.
No.	 inch-pounds _	 psi( l) tnch-pcxundg lireakawav Removal
1 st App!X at ion
63	 30 8b, -IOU 750 700 25
64	 38 86,400 640 700 30
65	 70 S6. •100 800 800 51.)
66	 65 86,400 825 800 5Q
67	 70 eo,400 850 825 50
2nd Application
63 25 86,400 750 600 18
64 86, 400 760 600 30
65 40 86,400 800 700 35
66 45 86, 400 800 700 50
67 4 r, 86,400 800 700 40
3rc Application
63	 23 86, 400 740 600 18
64	 30 86, 40r 725 550 45
55	 35 ..6, 400 825 700 40
66	 45 86,400 775 650 50
67	 35 86,400 800 700 45
-'th application
63	 23 86,400 750 600 20
64	 55 86,400 700 675 45
65	 40 86, 400 800 725 45
66	 65 86,400 800 750 70
6 7	 50 86, 50U 850 750 55
5th Applicat ion
63 20 86,400 725 600 18
64 60 86,400 725 500 53
65 J ^ 86,400 715 675 40
66 65 86,400 800 650 50
67 50 86,400 825 650 45
24u
lox Meg.
Visual
Ins	 . Remarks
No Cracks Passed
No Cracks Passed
No Cracks Passed
No Cracks Passed
No Cracks Passed
Test
No.
72
73
7.1
75
Maximum
Installation,
1st
	 5th
120
	
150
135
	
145
125
	
150
130
	
140
125
	
125
Seating
Torque, No. of Degrees
inch-pounds Cycles Movement
300 30,000 0
300 30,000 0
300 30,000 0
300 30,000 0
300 30,000 0
TABLE XVI (continued)
Part No. NAS 1275-48
Nut - FN 1216-8Z ^v
6. Torque vs. Induced Load L Roon2 Temperature -
Test No. 69
Load, pounds
3,750
9,500
15,500
21,500
2 'r , 000
Torque Test No. 68
inLh- ounds Load, pounds
400 3,700
800 8,500
1200 13,500
1600 21,000
2000 Z5,000
2400 Bolt Broke
Test No. 70
Load, pow-ids
3, 50
9,500 5 
14 5,
20, 500
'15,000
7. Vibration - ALMA # 10 -
(1) Stress calculated at Tensile Stress Area of . ;5a square inches.
(2) Str ass calculated at twice nominal diameter area, .:3927 square inches.
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TABLE XVII
SUMMARY OF RESULTS
VS2502 & VNT466R - MATERIAL A-286 (200 KSI)
Material Properties -
0.2 % Offset
U. T. S.	 - KSI	 'i ield - KSI Elongation - %
Te st
Temp, #10 1/4 1/2
	 #10 1/4	 l/2 #10 1/4	 1/2
-423°F 273.5 Z8Z.7 251.8	 198.0 219.0	 208.1 22.0 17.0	 11.4
275.0 277.0 238.1
	 237.5 221.0	 213.1 22.0 20.0	 13.6
274.0 251.5 250. 8	 220.0 218.5	 202. 2 18.0 17.0	 15.7
70° F 195.8 195,0 195.9
	
184.3 177. 5	 154.7 12.0 12.0	 14.2
191.8 199.0 195.9
	
177. 5 184.5	 155.7 12.0 12.0	 14.2
196.4 198.0 196.9
	
182.6 152. 5	 155. 7 12.0 12.0	 i5. 0
1200° F 1Z1. 0 134.6 142.5
	 120.0 132.6
	 137.5 8.0 6.0	 11.4
142.0 138.0 141.5	 139.0 134.  3	 137. 5 8.0 6.o	 11.4
144.0 140.0 145.0	 141.0 138.0	 142. 5 8.0 10.0	 9.3
Reduction of Area - % Shear Strength - KSI
Test
Temp. #10 1/4	 1/2 #10 1/4 1/2
-423° F 39.7 38.5	 36.0 163. 1 154.3 145.0
39.4 33.0	 .7.3 162.9 156.9 140.5
39.4 35.8	 37. 5 17Q. 9 16 5. 0 14r^. 0
70° F 40. J 43. 5	 39.7 120.6 116.6 118.9
4Z.4 4i.8	 38.1 122.4 113.6 115.4
42.4 41.5	 38.5 121.3 117.7 17.7. 6
1200° F 42.1 15.3	 37.3 75.8 74.4 82,7
40.8 22.0
	 58.8 76.3 75.4 32.7
39.5 40.8	 56.7 75.4 75.4 85. 5
_Bolt & Nut Properties -
Johnson's 2/3 Appro-:.
U. T. S. - KSI { 1) Yield - KSI
Te st
Temp. #10 1/4 1/2 #10 1/4 1/2
-423 • F '287.0 294,2 272.0 195.0 231.0 202.0
2t0, 0 291.4 268.0 230.0 217.2 206.0
291.0 288.7 M. 0 224.0 211. 7 205.0
70 • F 214.1 216.1 218.8 165.1 163.5 150.0
212.6 213.3 217.0 160.1 156. 7 150.0
214.1 213.9 217.0 157.6 158.3 151.9
1200 0
 F 177. 5 153.9 166.0 164.0 140.9 143. 5
180.0 161.5 166.5 167.5 145.7 14; 0
18Q. 0 158.0 164.5 165. C 145.7 145. 5
!1) Stresb :aleulated at tensile stress area
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L'IATERIAI! PROPERTIES
Tens,on Bolt - VS 2502 SF*Material - .A-286 (200 1<SI)
Legend LABORATORIES
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BOLT & COMPANION NUT PROPERTIES
Bolt - VS2502 - Material - A-286 (200 KSI)
S"Nut - VN466B - Material - A-286 (200 KSI)
Legend
#10-32 LABORATCAES
1/4-28
	
- - -a	 --
Chart No.:	 261 /2- 20
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CYLINDER STRESS RELAXATION
Tension Bolt - VS2 -")Z - Material A-286 (200 ksi)
Nut - VN 466B - Material A-286 (200 ksi) S"
Silver Plated per AIMS 2410
Test Temperature - 1200°F LABORATORIES
Legend
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TABLE XVIU
MECHANICAL PROPERTIES
Part No, VS 2502-3-40 Material A-286 (200 ksi)
Part No. Nut VN 466-B-02 Material A-286 (200 ksi)
Size - #10 -32
1. Tensile: -	 Base Material Pro perties (As Received)
. 113 c ^c' mens
E1ono.
Test Test Temp, Ult.	 Stress, Yield Stress, Gage,	 .5 in. Red. of Area,
No.
-
—OF
— 
p si	 _ psi %
1 -423 273, 500 198,000 22.0 390 7
2 -423 275,000 2370500 22.0 39.4
3 -423 274#000 2201000 18.0 39.4
4 70 1951800 184,300 12.0 40.0
5 70 191,800 1771500 i2.. 0 42.4
6 70 196,400 182,600 12.0 42.4
7 1200 1211000 1201000 8.0 42.1
8 1200 142P000 139, 000 8.0 40.8
9 1200 1449000 141,000 8.0 39, 5
Bolt & Nut Properties (As Received)
Test Test Temp, Ult, Load, Ult.	 Stress, Yield Load, Yield
No. OF pounds psi(,) pounds Stress, psi
10 -423 5,860 28-1,000 3,900 195,200
11 -423 5,800 290, 000 42600 230,000
12 -423 5$820 291, 000 4,475 224, OOC
13 70 4,280 214, 100 39 300 165, 100
14 70 4,250 212,600 3,200 160,100
15 70 4,280 214,100 -1, 150 157, 600
i6 1200 3,550 177, 500 3,280 164,000
17 1200 3,600 180,000 3, 350 167,500
18 i2u0 3,600 180,00r.) 3, 300 165,000
(1) Stres» calculated at tensile stress area of. ) 1 -)9'1 sgl lare inches,
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Test Test Temp,
No. - ° F
19 70
20 70
21 70
TABLE XVIII i ,^at_nued)
Part No. VS L502.3-40
VN466 -B -02
1. Tensile (continued)
Base Material Properties (As Cycled)
. 113 Specimens
Cycled 12 Times
Seated at 104, 000 psi
70°F to -423°F to 70°F
Elong,
Ult.	 Stress, Yield Stress, Gage,	 . 5 in. Red. of Arez
psi psi % _	 `o
196,800 176, 301 15, 0 42.0
200 0 000 178,900 11.0 40.0
193 9 700 1749700 12.0 40.3
70°F to 1200°F to 70°F
22 (a)	 70 186#200 158,100	 10.0	 35. 5
23 (a)	 70 196, 400 1631200	 12.0	 41.1
24 (b)
	
70 198,900 176,000	 10.0	 35. 5
25 (b)	 70 187V600 159,200	 10.0	 32. 2
Bolt & Nut Properties (As Cycled)
70°F to -423°F to 70°i-'
Test	 Test Temp,
No.	 OF
26 70
27 70
28 70
Ult. Load,
hounds
4, 240
4,280
4, 240
Ult. Stress,
ps;_(1)
2i, 100
14, 100
212, 100
Yield Load,
pounds
39400
210
3, 300
Yield
Stress, ps
170, 100
160 0 600
165, 100
70° F to 1200' F to 70° F
2 1/ (a)	 70
30 (a)	 70
31 (b)	 70
32 (b)	 70
33 (b)	 70
(a) Fast Cycle
(b) Slow Cycle
4, 160 208, 100 39 100 1 55, 000
4 0 250 2129600 3, 200 1609000
4 1 290 2141600 3, 550 177, 500
4, 150 207,600 3, 150 157, 500
4, 270 213, 600 3,450 172, 500
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TABLE XVIII ;continued)
Part No. VS 2502-3-40
VN 466-B-02
1. Tensil- (continued) -
Bolt & Nut Properties
As Relaxed - 50 Hours
Preload A
Test Test Temp, Ult.	 Load, Ult.	 Stress, Yield Load, Yield
Nu. O F _pounds _ Fsi( l ) pounds St r -es s Lp:
34 70 3,990 199,600 3, 15C 157#600
35 70 41060 2039 100 39 160 158, ICO
36 70 4, 100 205, 100 3)240 162,000
Preload B
37 7C 41 100 2059 100 31 160	 15S, 100
38 70 41080 204, 100 39 070	 1530 600
39 70 4,190 209,600 3,250	 162,600
2.	 Double Shear
''As	 Received''
Test Test Temp, Tilt.	 Load, Ult.	 Stress,
No. "'? pounds psi^2
40 -423 9,250 163, 100
21 -4"23 9, 240 162,0/00
42 -423 10, 200 It
	
900
43 70 6,160 108,600
44 70 6, 140 108, 300
45 70 6, i50 108$600
46 1200 4, 300 75#800
47 1200 40 325 76, 300
a 8 1200 4,275 '75,400
(2) Stress calculated at twice no ►ninal c?ia, area, . 05671 square inches.
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TABLE XVIII (continued)
Part No. VS 250E-3-40
VN 166-B-02
2. Double Shear -
Test
	 Test Temp,
	
No.	 ° F
70° F to -423° F to 70° F
	
40	 70
	
50	 7C
	
51	 70
70°F to 1"200°F to 70°F
52 (a) 70
53 (a) 70
54 (b) 70
55 (b) 70
56 (b) 70
''As Cycled''
Ult. Load,	 Ult. Stress,
pounds
	 psi(2)
6,160 108$600
6,16o 108,600
6,180 109,000
6,060	 106,900
6 3-030	 106,300
6 1 020	 106, 200
5,980	 105, 400
6,060	 106,900
As Relaxed - 50 Hours
Preload .:a
57	 7C	 6)050	 1069 700
58	 70	 6,030	 1060300
59	 70	 6, 030	 106, 300
Preload B
6	 70	 6,000
	 105, 800
61	 70	 5,930	 104,600
62	 70	 5,900	 104,000
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TABLE XVIII (continued)
3. Stress Rupture
Test Test ic:np, Load,	 Load Stress, Tirne,
No. " F pound psi(1) Fir;.
63 1200 1, 500 75,000 65. 2
64 1200 1, 500 75,000 145.2
65 1200 1, 500 75,000 89. 9
66 1200 29000 1001000 Z. 4
67 1200 21000 100P 000 2.4
68 1200 21000 100,000 7.6
by 1200, 21400 120, 000 .4
70 1200 29400 120,000 .6
71 1200 2$400 1209 000 1. 3
4.	 Stress Relaxaticn @ 1200 ° F -
Preload A - Initial Stress - 85, 000 psi
Test Hours Residual Stress
No. Run Pound s psi(11
72 10 Bolt fractured when disassembled
73 10 Bolt fractured when disassembled
74 10 Bolt fractured when disassembled
75 50 829 419 500
76 50 720 36, 000
77 50 880 44,000
Preload B - Initial Stress - 62, 000 psi
10 740 37,000
79 10 770 38, 500
80 10 770 i8, 500
81 50 460 23,000
82 50 5301 26, 500
83 50 530 26, 500
Location
T
N. F.
N. F.
T
T
T
T
T
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Part No. VS 2502-3-40
Nut VN 466. . B..02
5. Nut Reu-e and Galling Tendency coninuec' )_-
After Soak at 70° F
Maximum Torque -to
Test_ 	Installation Seated Stress,
	
Induce Stress, -Torque After Soak
No 	 inch-pounds psis 1) inch-pounds Breakaway Removal
1"st -Application
88	 11 108,000 80- 60 6
_	 89	 13 108,000 75 55 8
-	 90	 12 108,000 75 55 8
91	 10 108,000 85 62 6
92	 13 108,000 80 58 7
2nd Application -
88	 8 108,000 85 65 6
89	 7 108,000 85 55 6
90	 8 108,000 80 55 7
91	 8 108,000 95 70 .6
92	 8 108,000 85 60 7
3rd Application
88	 9 108,000 90 60 7
89	 7 108,000 85 55 6
90	 8 108,000 85 55 7
91	 8 108,000 105 85 6
9^	 7 108,000 80 70 6
4th Application
88	 8 108,000 90 65 9
89	 7 108,000 90 60 7
90	 9 108,000 90 60 8
91	 7 108,000 115 95 7
92	 6 108,000 90 55 6
5th Application
88	 11 108,000 95 70 10
89	 8 108,000 90 60 8
90	 9 108,000 90 62 8
91	 9 108,000 105 95 8
92	 6 108,000 90 65 6
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Part No. IBS 2502-3-40
Nut VN 466••8--D2
5. Nut Reu •-e and Galling. Tendency continuee)_-
After Soak at 70° F _-
-Maximum Torque to
Test	 Installation Seated Stress, Induce Stress, -Torque After Soak
Nn:	 inch-pounds si( 1) inch-pounds Breakaway Removal
1st -Application .
88	 11 108,000 80- 60 6-
89	 13- 108,000 - 75 55 8
90	 12 108,000 75 55 8
91	 10 108,000 85 62 6
92	 13 108,000 80 58 7
2nd Application
88	 8 108,000 85 65 6
89	 7 108,000 85 55 6
90	 8 108,000 80 55 7
91	 8 108,000 95 70 .6
92	 8 108,000 85 60 7
3rd Application
88	 9 108,000 90 60 7
39	 7 108,000 85 55 6
90	 8 108,000 85 55 7
91	 8 108,000 105 85 6
9^	 7 108,000 80 70 6
4th Application
88	 8 108,000 50 65 9
89	 7 108,000 90 60 7
90	 9 108,000 90 60 8
91	 7 108,000 115 95 7
92	 6 108,000 90 55 6
5th Application
88	 11 108,000 95 70 10
89	 8 108,000 90 60 8
90	 9 108,000 90 62 8
91	 9 108,000 105 95 8
92	 6 108,000 90 65 6
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TABLE XVIII (continued)
Part No. VS 2502 -3-40
Nut VIN 466- B =02 -
5.--- Nut Reuse and Galling Tendency (continued w
After Soak @ 1200* F
Maximum Torque to
Test	 Installation- Seated Stress, Induce Stress, Torque After Soak
No.	 inch-pounds 12si(1) inch-pounds Breakaway Removal
1st Application -
93	 11 108,000 90 225 Bolr broke
94	 10 108,000 80- 210 of
95	 12 108,000 85 225 it
96	 13 108,000 90 240
97	 10 108,000 90 225
6. Torque v s. Induced Load @ Room Temperature -
Torque Test No. 98 Test No. 99 Test No. 100
inch-pounds Load, pounds Load, pounds Load, pounds
25 650 600 650
50 1400 1500 1500
75 2450 2700 2550
100 3100 3400 3150
125 3500 Yield 3750
150 B.B. -- Yield
7.	 Vibration - ALMA #10 -
Maximum Seating 1OX Mag.
Test	 Installation, Torque, No. of	 D-agrees Visual
No.	 1st	 5th inch-pounds Cycles	 Movement Insp.	 Remarks
101	 13	 6 30 30,000	 5* No Cracks	 Passed
102
	
10	 4 30 30,000	 20* No Cracks	 Passed
103
	
12	 6 30 30,000	 45* No Cracks	 Passed
104
	 9	 5 30 30,000	 15* No Cracks	 Passed
105
	
12	 7 30 31",000 	 00 No Cracks	 Passed
(1)	 Stress calculated at Z-ensile Stress Area of . 19 V9 square inches.
(2)	 Stress calculated at twice nominal diameter area, .05671 square inches.
B.B. Bolt Broke
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TABLE XIX
MECHANICAL PROPERTIES
Part No. VS_2502-4-44 - Material A-286 (200 ksi)
Part No. Nut VN 466-8-048 - Material A-286 (200 kai)
Size - 1/4-28
i.	 Tensile -	 Base Material Properties (As Received)
113 Specimens
Elong.
Test Test Temp, Ult. Stress,	 Yield Stress, Gage, .5 in. Red, of Area,
No. ° F psi .	 psi % %
1 -423 2829000	 219,000 17.0- 38.5
2 -423 277, 000	 2219000 20.0 33.0
3 -423 281,500	 2189500 17. 0 X5.8
4 70 1959000	 1779 500 12.0 43.5
5 70 199,000	 1849500 12.0 41.8
6 70 i93, 000	 182,500 12.0 41.5
7 1200 1349 690	 132, 600 6.0 15. 3
8 1200 138,000	 1349 30J 6.0 22.0
9 1200 1409000	 138#000 10.0 -
Bolt & Nut Properties (As Received)
Test Test Temp, Ult. Load, Ult. Stress,
	 Yield Load, Yield
No. _	 ° F pounds psi0)	 _ pound s Stress, psi
10 -423 10,700 294, 200 8$400 2311000
11 -423 10,600 291,400 7,900 217,200
12 -423 10,500 288,700 7170(, 211#700
13 70 7,860 216,100 5,950 163,500
14 70 7,760 2130300 5P700 1560700
15 70 7,780 213,900 59760 158,300
16 1200 5,600 153,900 5, 125 140,900
17 1200 5, 8 .75 161, 500 5,300 145, 700
18 1?O0 5,750 158,000 59300 145, 700
(1) Stress calculated at tensile stress area of . 03637 square inches.
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TABLE XIX (continued)
Part No. VS 2502-4-44
VN 466 -B -048
1. " Ter_sile (continued)
Bolt & Nut Properties
- As Relaxed - 50 Hours
Preload A
Test Test Temp, Ult. Load, Ult. Stress. Yield. Load, Yield
No. OF pounds ps44(1) -_pounds Stress, psi
19 70 7,450 2041800 5.4810 159,300
20 70 7,250 199,300 50 720 1579700
21 70 Specimen was damaged in disassembly
Preload B
22 70 7,780 213,900 6, 380 1751400
23 70 79650 2101300 6,510 178,900
24 70 7,620 209,500 5,940 163,300
2. Double Shear -
Test Test Temp,
No. OF
25 -423
26 -423
27 -423
28 70
29 70
30 70
31 1200
32 1200
33 1200
".,s Received"
Ult. Load, Ult. Stress,
pounds psi(2)
15 9 200 1549800
15 $ 400 156,900
16 9 200 165,000
11 9 450 116, 600
11 9 150 1130 600
11,550 117,700
7 1 300 74f400
7 9 400 759400
7,400 751400
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TABLE XIX (continued)
t
Part No. VS 2502-4-44
VN 466 -B -048
Z.	 Double Shear (cont'Lnved)- -
As Relaxed - 50 Hours .
Preload A
Test Test Temp, Ult. Load,
	 Ult. Stress,
No. OF pounds psi(2)
34 70 119300 1133, 100
35 70 111350 1151600
36 70 Specimen was damaged in disassembly
Preload B
37 70 11S500 1179 100
38 70 11,700 119,000
39 70 11,600 1180200
(2) Stress calculated at twice nominal dia. , .09817 square inches.
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TABLE XIX (continued)
Part No. VS 2502-4-44
VN 466 -B -048
3.	 Stress Rukture -
Test Test Temp ; Load, Load Stress, Time, Location
No. °F pounds psiG) Hr s, of Failure
40 1200 2,9)0 800000 63.6 i
41 1200 2,910 801000 64.2 T
42 1200 2,910 802000 133.0 T
43 1200 39637 1001000 6.o T
44 1200 3,637 100#000 6.4 T
45 1200 3$637 1001000 6.3 T
46 1200 4#364 1208000 .4 T
47 1200 4,364 1209000 3.C, T
48 1200 49364 120, 000 . 1 1.r
4. Stress Relaxation @ 1200 ° F -
Preload A - Initial Stress - 97 1 600 psi
Test Hours Residual Stress
No. Run pounds	 psi 1)
49 10 2, 182	 603,000
50 10 29200	 601500
51 10 Specimen damaged in disassembly
52 50 19149	 31,600
53 50 1,149
	 31, 600
54 50 1, 149	 31, 600
Preload B - I-iitial Stress - 62, 000 psi
55 10 1,400
	 38, 50C;
56 10 it 338	 369800
57 10 it 552	 429700
58 50 11360	 37, 400
59 50 11360	 371400
60 50 it 360	 37,400
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TABLE XIX (continued)
Fart No. VS 2502-4-44
Nut VN 466-B-048
5.	 ilut Reuse and Galling Tendency -
After Soak @ -423° F
Maximum Torque to
Test	 Installation Seated Stress, Induce Stress, Torque After Soak
No.	 inch-pounds _ psi( 1 ) inch-pounds Breakaway i,em. oval
1st Application
61	 10 108,000 260 200 6
62	 14 108,.000 260 175 10
63	 12 108,000 250 200 10
64	 18 108,000 250 .200 11
65	 12 108,000 250 210 8
2nd Application
61	 3 108,000 245 160 3
62	 6 1.08, 000 250 175 8
63	 7 108,000 235 160 8
64	 9 108,000 245 160 11
65	 8 108,000 240 200 8
3rd Application
61	 4 108,000 240 180 4
62	 6 108,000 230 190 8
63	 7 108,000 240 180 10
64	 9 108,000 230 190 11
65	 8 108,000 235 210 8
4th Application
61	 3 108,000 240 200 3
62	 8 108,000 235 160 7
63	 6 108,000 245 180 10
64	 10 108,000 240 175 10
65	 8 108,000 240 175 8
5th Application
61 3 108,000 235 :75 4
62 9 108,000 230 200 8
63 6 108,000 240 185 8
64 10 108,000 235 190 10
65 7 108,000 235 215 8
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TABLE XIX (continued)
Part No. VS 2502-4-4.1
Nut VN 466-B-048
5. Nut Meuse and Ga.11ang Tendency (continued)-
After Soak @ 70° F
Maximum Torque to
Test
	 Installation Seated Stress, Induce Stress,
No.	 inch-pounds -
	
2si( 1 ) cinch-pounds
1 st Application
66	 14 108,000 180
67	 13 108,000 185
68	 11 108,000 165
69	 15 108,000 205
70	 13 108,000 165
2nd Application
66	 9 108,000 185
67	 7 108,000 200
68	 8 108,000 180
69	 10 108,000 205
70	 9 108,000 190
3rd Application
Torque After Soak
• eakaway Removal
130 9
140 6
120 8
165 10
130 8
140 9
150 6
120 7
150 10
135 8
66 9
67 7
68 8
69 8
?0 9
4th Application
66 9
67 6
68 7
69 10
70 10
5th Application
66 8
67 6
68 7
69 8
70 9
108,000 210 170
	 8
108,000 210 160
	 4
108,000 200 160	 8
108,000 200 160	 8
108,000 200 140	 8
108,000 210 165
	 9
108,000 200 160	 7
108,000 180 140
	 8
108,000 200 140	 8
108,300 210 140	 8
108,000 195 170	 8
108,000 205 160	 6
108,000 180 140	 8
108,000 200 160	 7
108,000 190 150	 6
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After Soak @ 1[200° F
Maximum
To st	 Installation Seat .-d Stress,
lt, No f	 inch-pounds - --er nds ` .:	 psi^l
I st Application
108,000
108,000
108,000
108,000
.,:0 3, 000
71 14
72 18
73 15
74 14
75 11
Torque to
-	 -	 --	
.
Induce Stress, Torque After Smik
inch-gg	 ds Break! a ►
-a^ww^s^wrf.rs^riw.^Remat`a;^^ Ana
190 450 Bolt brakd
170 425 Y
190 475
185 425
155 54 ►^
6. Torque vs. Induced Load @ Room Temperature
Torglae Test No. 76 'Pest No. 77 Toot loo. 78
ich-pounds Load,pounds Load, pounds
- -	 -
Load,un+Is
...
25 300 250 350
50 900 850 11541
75 1501 1550 1750
100 2000 2000 2	 0
125 2500 2550
150 3150 3250 32GU
175 3700 3800 4050
200 4100 4300 4650
225 4800 4800 5150
250 5450 5500 5700
275 6150 6100 6300
300 6650 6500 6610
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(1) Stress
(2) Stress
TABLE XIX (continued)
Part No. VS 2502-4-44
Nut VN 466-B-048
7. Vibration - ALMA #10 -
Maximum Seating IOX Mag.
Test Installation, Torque, No. of Degrees Visual
No. 1st	 5th inch-pounds Cycles Movement Insp. Remarks
79 10	 15 60 30,000 0 No Cracks Passed
80 10	 15 60 30,000 0 No Cracks Passed
81 10	 15 60 30,000 0 No Cracks Passed
82 10	 15 60 30,000 0 No Crack ,3 Passed
83 15	 20 60 30,000 0 No Cracks Passed
TABLE XX
MFCHANICAL PROPERTIES
Part No. VS 2502-8-48 - Material - A-286 (200 ksi)
Part No. Nut VN 466-B-080-- Material A-286 (200 ksi)
Size - 1/2-20
1.	 Tensile - Base Material Properties (As Received)
.357 Specimens
Elong.
Test Test Temp,	 Ult. Stress, Yield Stress, Gage, .5 in. Red. of Area,
No. OF psi psi % %
1 -423 2511800 208, 100 11.4 36.0
2 -423 2389100 213,100 1,j. 6 37.3
3 -423 2509800 202,200 15.7 37.5
4 70 195,900 154, 7 J0 14.2 39.7
5 70 195,900 1558700 14.2 38.1
6 70 196,900 155, UO 15.0 38.5
7 1200 1420500 137, 50G 11.4 37.3
8 1200 1419500 1379500 11.4 58.8
9 1200 1459000 1429500 9. 3' 56.7
Bolt & Nut Properties (As Received)
Test Test Temp,	 Ult. Load, Ult.	 Stress, Yield Load, Yield
No. OF pounds psi( 1) pounds Stress, psi
10 -423 43,500 2729000 321250 202#000
11 -423 42,800 268,000 33,000 206,000
12 -423 43,500 272#000 32$750 2059000
13 70 350000 211 800 249000 150,000
14 70 34,700 ?17,000 24,000 150,000
:5 70 34,700 7.17,000 249 300 151,900
16 1200 261500 166,000 23#000 143,500
17 1200 26,600 166,500 239750 148,000
18 1200 269300 164, 500 23,250 145,500
(1) Stress calculated at tensile stress area of . 1599 square inches.
Test
No.
Test Temp,
OF
Ult. Load, Ult.	 Stress, Yield Load,
pounds psi(1) pounds
349 150 213, 500 24,400
34 9 100 213,200 24.6000
34 1 450 "215, 400 249700
Yield
Stress, psi
70
70
7U
70 33, 100 207,000 23,200
70 339000 2069400 22,300
70 33,900 212,000 249200
70 330 100 2071000 23,200
70 34#500 215, 800 24, UUO
70 34#500 2151800 23,500
As Relaxed - 50 hours
22
23
24
Preload A
25
26
27
Preload B
28
29
30
152, 500
153,800
154,400
145,100
13 1 , 500
151,300
145, 100
150, 100 f
147,000
TABLE XX (continued)
Part No. VS 2502-5-48
VN 466-B-080
1. Tensile (continued) -
Base Material Properties (As cycled)
.357 Specimens
Cycled 12 Times
Seated at 104, 000 PSI
70 0 to -423° F to 70° F - Cycling Tests Not Conducted.
70° F to 1200° F to 70° F
Elong,
Test Test Temp, Ult. Stress, Yield Stress, Gage, 1.4in. Red, of Area,
No. OF psi psi %
19 70 199,100 1529 a00 14.0 34.5
20 70 199,100 1639000 14.0 39.6
21 70 194#700 1619100 14.0 40.1
Bolt & Nut Properties (As Cycled)
70° F to -423° F to 70° F - Cycling Tests Not Conducted,
70°F to 1200°F to 70°F
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TABLE XX (continued)
Part No. VS 2502-8-48
VN 466-B-080
2. Double Shear -
"As Received"
Test Test Temp,
No_ °F
31 (a) -423
32 (a) -423
33 (a) -423
34 70
35 70
36 70
37 1200
38 1200
39 1200
(a) .375 inch diameter
Ult. Load, Ult.	 Stress,
pounds psi(2)
32 9 000 1451000
32 # 300 146,500
32 10 000 1451000
46,700 118,900
46 9 300 118,400
46,200 117,600
32 9 500 32,700
32 9 500 82,700
32 9 800 83S500
"As Cycled"
70°F to -423°F to 70°F - Cycling Tests Not Conducted.
70°F to 1200 1 F to 70°F
40	 70	 43,900	 1111800
41	 70	 430300	 1119500
42	 70	 43.900	 1111800
As Relaxed - 50 Hours
Preload A
43	 70	 45,000	 114,600
44	 70	 440200	 1120600
45	 70	 451200	 115,100
Preload B
46	 70	 419400	 1059400
47	 7C	 45,200	 1150 000
48	 7G	 44#600	 1130600
Load,
pounds
12,800
12,800
12,800
15,990
15,990
15,990
Load Stress,
psiM
80,000
80,000
80,000
100,000
100,000
100,000
Time,
Hrs.
137.8
1 15. 5
103. 1
16. 1
54. 1
38.2
Location
N. F.
N. F.
T
T
T
'r
	
19,200	 120,000	 2.3	 T
	
19,200
	
120,000	 .3	 T
	
19,200	 12"),000	 1.8
	 T
TABLE XX (continued)
Part No. VS 2502-8-48
VN 466-B-080
3. Stress RuAture
Test Test Temp,
No. OF
49 1?.00
5u 1200
51 1200
52
	
1200
53
	
1200
54
	
1200
55
	
1200
56
	
1200
57
	
1200
4. Stress Relaxaticn @1200°F -
Preload A - Initial Stress - 89, 000 psi
Test Hours Residuai Stress
No. Run poundssp i(1)
58 10 6,490	 40,600
59 10 7,900	 49,400
60 10 Fastener damaged in d'.sassembly
61 50 5,836
	 36, 500
62 50 4,700	 29,400
63 50 5, 2?2	 33, 100
Preload B - Initial Stress - 51, 800 psi
64 10 5, 996	 37,560
65 10 6,396	 40,000
66 10 6, -96	 40,000
6 %' 50 5, 788	 36,200
63 50 4,000	 29,400
69 50 4,988	 31,200
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TABLE XX (continued)
Part No. VS 2502-8-48
Nut VN 466-B-080
5. Nut Reuse and Galling Tendency (continued)
After Soak at 70° F
Maximum Torque to
Test Installation Seated Stress, Induce Stress, Torque After Soak
No. inch-pounds psi(,) _
'E!122 un d s Breakaway Removal
1 st Application
70 65 108,000 1560 1200 50
71 70 108,000 1200 720 60
72 65 108,000 1440 1200 65
73 70 180,000 1320 1080 50
74 70 180,000 1440 1200 45
2nd Application
70 40 108,000 1200 1080 50
71 50 108,000 2200 960 50
72 50 108,000 1440 1200 50
73 50 108,000 1320 1080 40
74 50 108,000 1440 1320 45
3rd Application
70 60 108,000 1440 1200 55
71 50 108,000 1200 840 55
72 45 108,000 1320 1200 50
73 50 108,000 1440 1080 45
74 50 108,000 1440 1320 45
4t1i Application
70 65 108,000 1440 1200 50
71 55 108,000 1260 840 55
72 50 108,000 1440 1080 55
73 60 108,000 1320 1080 55
74 50 108,000 1440 1200 45
5th Application
70 55 108,000 1560 1260 45
71 55 108, 000 1260 960 60
72 50 108,000 1140 1080 55
73 55 108,000 1200 1080 60
74 45 108,000 1440 1140 45
TABLE XX (continued)
Fart No. VS 2502-8-48
Nut VN 466-B-080
5. Nat Reuse and Galling Tendency (continued) -
After Soak at 1"200°F
Maximum Torque to
Test Installation Seated St ess, Induce Stress, Torque After Soak
No. inch-pounds psi( inch-pounds Breakaway Removal
1st Application
75 70 108,000 1880 -1400 85
76 70 108,000 1440 4200 90
77 -1 3 108, 000 1560 3800 110
78 b: 108,000 1320 4000 90
79 60 108,000 1560 4600 90
ZnJ Application
"75 70 108,000 3600 4200 80
76 80 108,000 3400 4400 60
77 80 108,000 3000 4000 100
78 70 108,000 3200 4400 60
79 70 108,000 3200 5000 90
3rd Application
75 70 108,000 3400 3400 60
76 80 108,000 3600 4200 70
77 90 108.000 3000 4200 80
^8 70 108,000 3400 4000 70
79 60 108,000 3400 4400 90
4th Application
75 70 108,000 3600 4200 70
76 75 108,000 3600 4600 60
77 80 108,000 3800 4400 $0
78 70 108,000 3400 4600 70
79 75 108,000 3400 4804 75
5th Application
75 70 180,000 3400 3800 60
76 70 180,000 3600 4400 70
77 90 180,000 3800 4200 75
78 55 180,000 3400 4400 70
79 60 180,000 3800 4600 70
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TABLE XX (ccntinued)
Part No. VS 2502-8-48
Nut - VN 40'6-B-080
6. Torque vs. Induced Load @ Room Temperature -
Torque Test No. 80 Test No. 81 Test No. 82
inch-pounds Load, pounds Load, pounds Load, pounds
400 3,000 2,750 3,000
800 7,500 6,500 7,000
1200 12,250 11,000 12,000
1600 18,500 19,000 18,500
2000 22,000 23,000 Z2,500
2400 26,250 28,000 27,000
2800 28,750 30,000 928,500
Note: Height of nut and short thread length of bolt prevented complete
engagement of nut threads.
7. Vibration - ALMA #10 -
Maximum Seating IOX Mag.
Test Installation, Torque, No. of Degrees Visual
No. 1st	 5th inch-pounds Cycles Movement Insp. Remarks
83 90	 40 300 30,000 00 No Cracks Passed
84 75	 60 300 30,000 00 No Cracks Passed
85 50	 40 300 30,000 00 No Cracks Passed
86 60	 30 300 30,000 450 No Cracks Passed
87 80	 40 300 30,000 00 No Cracks Passed
(1) Stress calculated at Tensile Stress Area of . 1599 square inches.
(2) Stress calculated at twice n--minal diameter area, .3927 square inches.
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APPE14DIX II
TEST RESULTS
SHEAR BOLTS - PHASE II
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TABLE XXI
SUMMARY OF RESULTS
EWSB 926 & EWSN 926 - MATERIAL H- 11 (260 KSI)
Material Properties -
0. 2% Offset
J, T. S,, - KSI Yield, - KSI Elongation,- %
Test
Tem #10	 1 /4 1/2 1010 1/4	 1/2 0,10 1;4	 1/2
-423' 1•' 360.2	 284.9 241.2 N. Y. N. Y.	 N. Y. 2.0
318, 3	 331. 6 201, 4 N. Y. N. Y.	 N. Y. -
373, 6	 364.6 264, 3 N. Y. N. Y.	 N. Y.
70* 17 295.0	 278.9 283, 1 284.0 260.0	 239.6 1().0 12. C	 10. 7
294.6
	
282, 5 281, 5 281.9 267.0	 239.6 14.0 10,0	 11.4
294.7	 278,0 286, 1 Z81, 5 266. 3	 244.6 10.0 10.0	 10.0
900° F 222, 5
	 211.2 212, 5 -11.0 196.4	 195, 9 14.0 12.0	 13.5
221.0
	 213, 1 211, 0 210. 0 196, 8	 196.0 14.0 12, 0	 13.5
209.6	 210.9 218, 0 196.2 195, 3	 205.0 14.0 12.0	 11.4
Rt,duction of Area - Shear Strength - KSI
Test
f ernp. 410	 1/4 1 /Z
-
#10 1/4 1/2
-423°F - - 212, 6 197, 6 Test
- - 215, 1 163.0 Not
3.6 - 194.0 190.4 Conducl-ed
70•
 F 40.8
	
52.3 40.4 196.9 180, 3 172.1)
42.7	 44.7 43.0 186.0 178.3 174.9
39.0	 50 38.7 186.2 180, 3 175, 7
900 •
 F 57.2	 50.2 52.3 130, 0 138. 5 124.0
LA. 8	 5Z, 3 54.4 :21. 7 138, 5 124.0
55. 1	 55, 5 51.8 1 30.0 130.4 127.8
Bolt ., Nut Properties -
Johnson's 2/3 Approx.
U. T. S,, - KSI Yield, - KSI
Test
Temp, #10 1/4 1/? #10 1/4	 1/2
-423° F 278, 5 (H) 255.0 (N, S. 215.6 (H) N. Y. N. Y.	 N. Y.
218.9 (H) 222.8 (H) 225.0 (H) N. Y. N. Y.	 N. Y.
265, 3 (H) 222, 8 (H) 206, 5 (H) N. Y. N. Y.
	
N. Y.
70° F 265, 2 (N. S,) 240.0 250, 5 212.2 207, ,	 213, 8
265, 2 (N, S. 257.4 252.3 (N. S. 256, 4 210. 3	 207.4
237, 6 (N, S. 245.0 249.4 (`:, S. 21 5. 5 202, 9
	
210, 3
900°F 201, 6
	 ti. S,) 183.1 228.9	 N. S. 194, 5 173. 2	 201. 0
214. 4 ( N. S.) 185.6 193.6 (N. S. 205, 5 163, 9	 180, 7
188, 9 (N, S. 180.6 217, 1 (N, S. 17-), 0 157. 7	 1, 89. 4
N. Y. - No Yiel-I
11 - Head Failure
S. - Nut Str ipped
#	 -	 ecirnere Fractured Outside Gage
(l)	 Stress calculated at pitch diameter area
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TABLE XXII
MECHANICAL PROPERTIES
Part No. EWSB 926-3-36 - Material - AIS? H-11 (260 ksi)
Part No. Nut EWSN 926-3 - Material AMS 6304 (210 ksi)
Size #10-32
1. Tensile -	 Base Material Properties (As Recei-red)
. 113 Specimens
Elong,
Test Test Temp, Ult. Stress, Yield Stress, Gage, .5 in.	 Red. of Area,
No. OF psi psi % %
1 -423 3609 200 No Yield Specimen Fractured
2 -423 3189 300 No Yield Outside Gage
3 -423 3739600 No Yield
4 70 295#000 2841000 10.0 40.8
5 70 2942600 281,900 14.0 42.7
6 70 2949700 281,500 10.0 39.0
7 900 2222500 2119000 14.0 57.2
8 900 2219000 210$000 14.0 54.8
9 900 209,600 1961200 14.0 55.1
Bolt & Nut Properties (As Received)
Test Test Temp, Ult. Load, Ult.	 Stress, Yield Load, Yield
No. OF pounds psi(1) pounds Stress, psi
10 -423 6,300 (H) 278,500 No Yield
11 -423 4,950 (H) 218,900 No Yield
12 -423 6, OOC (H) 2651300 No Yield
13 70 6,000 (N. S. ) 265,200 -% 800 2129200
14 70 61000 (N. S. ) 265,200 5.800 256#400
15 70 5,375 (N. S. ) 237,600 41875 2151500
16 900 4,720 (N. S. ) 208,60C 4,400 1949 500
17 900 4,850 (N. S. ) 214,400 49650 2059500
18 900 4, 275 (N. S. ) 188,900 49050 179,000
(1) Stress calculated at basic pitch dia. area of . 02262 square inches.
H - Head Failure
N. S. - Nut Stripped
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TABLE XXII (continued)
Past No. EWSB 926-3-36
EWSN 926-3
1. Tensile (continued) -
Base :Material Properties (As cycled)
. 113 Specimens
Cycled 12 times
Seated at 85, 000 psi
70 1 to -423°F to 70°F
':long.
Test Test Temp.	 Ult. Stress,
No.	 OF
	 _mss:.
19	 70	 295, 500
2C	 70	 2949400
21	 70	 296,800
Yield Stress, Gage, . 5 in. Red, of Area,
psi % 0
286,900 10.0 43. 0
263,900 10.0 44. 0
268,800 q. 0 41.0
70°F to 900°F to 70°F
22 70 285,700 271,000 10.0 44. 5
23 70 290,500 267,300 10.0 44. 5
24 70 Specimen was damaged
Bolt & Nut Properties (As Cycled)
70° F to -423° F to 70° F
Test Test Temp, Ult. Load, Ult.	 Stress, Yield Load, Yield
No. OF pounds psi(1) pounds Stress, psi
25 70 6, 000 (, . S. ) 265, 300 4,950 218, 800
26 70 5, 680 k\. S. ) 251, 100 5, 300 234, 300
27 70 5, 6ZO (IN. S. ) 248, 500 4,720 208, 700
70'F to c,00°F to 70°F
28 7U 5, 720 (N. S. ) 252, 800 5,200 229,800
29 70 5, 600 I.N. S. ) 247, 500 59 200 229,800
30 70 6,030 266, 500 5, 150 227,600
\. S. - .,.ut Stripped
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TABLE XXII (continued)
Part No. E WSB 926-3-36
EWSN 926-3
1. Tensile (continued) -
Bolt & Nut Properties
As Relaxed - 50 Hours
Preload A
Test Test Temp,
No. OF
31 70
32 70
33 70
Ult. Load,
_pounds
6,700
5, 540 (N. S. )
5, 750
Ult.	 Stress, Yield Load, Yield
_	 nsi( 1 ) _mounds Stress,	 psi
296, 100 5,300 234, 300
244,900 5, 300 234, 300
254, 100 5, 150 227,600
Preload B
34
35
36
70	 5, 130 (N. S. ) 226,700 4,400 194, 500
70	 5,720 252,800 4,670 206,400
70	 5,460 (N. S. ) 241, 300 4, 580 202,400
N. S. Nut Stripped
2, Double Shear -
'As Received''
Test Test Temp, Ult.	 Load, Ult.	 Stress,
No. O F pounds psi(2)
37 -423 12,000 212,600
38 -423 12,200 215, 100
39 -423 11,000 194,000
40 70 9,450 166,600
41 70 9,450 166,600
42 70 9, 460 166,800
-43 900 7, 375 130,000
44 900 6,900 121, 700
45 900 7, 375 130,000
(2) Stress calculated at twice ;nominal dia. ,
	
, 05671 square inches.
a5
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Test	 Test Temp,
No.	 OF
46 70
47 70
48 70
70°F to 900°F to 70°
49 70
50 70
51 70
TABLE XXII (continued)
Part No, EWSB 926-3-36
EWSN 926-3
2. Double Shear - (continued)
'As Cycled''
70°F to -423 0
 F to 70° F
9,400
	 16 5, 800
9, 400	 165,800
9,480	 1679200
As Relaxed - 50 Hours
Preload A
52	 70	 9, 100	 160, 500
53	 70	 90 230	 162,800
54	 70	 9, 170	 1619 700
Preload B
55	 70	 9, 20^	 162,000
56	 70	 99400
	 165, 500
57	 70	 9, 100
	 160, 500
Ult. Load, Ult.	 Stress,
pounds psi(2)
9,400 165,800
9,460 1661800
9,430 166,300
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TABLE XXII (continued)
Part No. EWSB 926-3-36
EWSN 926-3
3. Stress Rupture -
Stress rupture tests at 500°F were not conducted. Fastener assembly is
not considered rupture sensitive as e ,,idenced by ! /4 inch results which
show the stress required for 100 hour life was 95 percent of the 900'F
yield strength.
4.	 Stress Relaxation (a' 900°F -
Preload A - Initial Str-3ss -
	
146, 000 psi
Test Hours Residual Stress
No. Run pounds 5P	 ; (1)
58 10 2,000 88,500
59 10 1,775 78,500
60 10 1,626 71,900
61 50 1,526 67, 500
62 50 1,750 77,400
63 50
Preload B - Initial Stress - 90, 800 psi
64	 10	 1,526
	
67, 5C0
65	 10	 1,651	 73,000
66	 10	 1,628	 72,000
67
68
69
TABLE XXIi (continued)
Part No. EWSB 926-3-36
Nut - EWSN 926-3
5. "Torque vs. Induced Load @ Room Temperature -
Torque, Test No. 70 Test No. 71 Test No. 72
inch-pounds Load, pounds Load, pounds Load, pounds
30 950 950 800
40 1 i00 1350 1400
50 2000 1850 1850
60 2550 2300 2450
70 3050 2850 3050
80 3650 3400 3600
90 4150 4000 4200
100 4800 4550 4650
110 5200 4900 5100
120 -- 5300 5400
(1) Stress calculated at Basic P. D. of .02262 square inches.
(2) Stress calculated at twice nominal diameter area, .05671 square inches.
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TABLE XXIII
MECHANICAL PROPERTIES
Part No. EWSB 926-4-34 - Material - AISI H-11 (260 ksi)
Part No. Nut EWSN 926-4 - Material AMS 6304 (210 ksi)
Size - 1/4-28
1.	 Tensile -	 Ease Material Properties (As Received)
.113 Specimens
Elong.
Test Test Temp, Ult. Stress, Yield Stress, Gage, .5 in. Red. of Area
No. OF psi psi % %
1 -423 284,900 No Yield 2.0 -
2 -423 3319600 No Yield - -
3 -423 3649600 359,400 - 3.6
4 70 278,900 260P000 12.0 52.3
5 70 232, 500 2679000 10.0 44.7
6 70 278P000 2669300 10.0 50.0
7 900 2110200 1969400 12.0 50.Z
8 900 213,100 196,800 12.0 52.3
9 900 210,900 195,300 12.0 55. 5
Bolt & Nut Properties (As Received)
Test Test Temp, Ult. Load, Ult.	 Stress, Yield Load, Yield
No. OF pounds psi(l) pounds Stress, psi
10 -423 10,300 (N. S. 255,000 No Yield
11 -423 9,000 (H) 222#800 No Yield
12 -423 9,000 (H) 2221800 No Yield
13 70 9,700 (N. S.) 2-401000 8,400 207,900
14 70 10,400 (N. S. ) 257,400 8,500 2101300
15 70 9,900 (N. S. ) 2451000 8,200 202,900
16 900 7,400 (N. S. ) 183, 100 7,000 173,200
17 900 7,500 (N. S. ) 185,600 6#625 163,900
18 900 71300 (N. S. 180,600 6,375 157,700
(1) Stress calculated at basic pitch dia. area of .0404 square inches.
N. S. - Nut Stripped
H - Head Failure
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TABLE XXIII (continued)
Part No. EWSB 926-4-34
E WSN 926-4
1. Tensile (continued) -
Bolt & Nut Properties
As Relaxed - 50 Hours
Preload A
Test	 Test Temp,
No. ° F
19 70
20 70
21 70
Preload B
Ult. Load, Ult.	 Stress, Yield Load, Yield
-	
pounds psi(1) _pounds Stress,	 psi
9, 700 (N. S. ) 240, 100 6,700 165,800
10, 000 (N. S. ) 247,500 9,900 245,000
10, 000 (N. S. ) 247, 500 9,250 L28, 900
22	 70	 10, 500 (N. S. ) 259,900 9, 350 231,400
23	 70	 10, 600 (ITT . S. ) 2629400 9, 350 2311400
24	 70	 10, 400 (N. S. ) 257, 4G6 8, 750 216,600
N. S. Nut Stripped
2. Double Shear -
''As Received''
Te st Test Temp, Ult.	 Load, Ult.	 Stress,
No. °F pounds psi(2)
25 -423 19,400 197,600
26 -423 16, 000 163, 000
27 -423 18,700 190,400
28 '70 17, 700 180, 300
29 70 17, 500 178, 300
30 70 17,700 1.80, 300
31 900 13,600 1 ?8, 500
32 900 13,000 1.38, 500
33 900 12,800 130, -WO
(2) Stress calculated at twice nominal dia, area, . 09817 .square inches.
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TABLE XXIII (continued)
Part No. I:WSB 926-4
1 ^
-3
E `t' SIN 926 - 4
2. Double Shear - (continued) -
''As Relaxed - 50 Hours''
Preload A
Test Test Temp, Ult.	 Load, Ult.	 Stress,
No. OF	 v pounds _	 psi(2)
34 70 179200 175,200
35 70 17, 300 1760200
36 70 i7, 400 1771200
Preload B
3 7
	 70	 17, 500	 1781 300
38	 70	 17, 350	 176, 700
39	 70	 17, 400	 177,200
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TABLE XXIII (continued)
Part iVo. EWSB 926 -4-34
EWSN 926•-4
3.	 Stress Rupture -•
Test Test Temp, i,oad	 Load Stress, Time, L	 aticm
No. ° F ot^	 Inds sit 1 ) Hrs. of Failure
40 a00 6,868 170,000 1.	 1 'Ni S.
41 900 6,464 160, 000 1 . 5 N. S.
42 900 6,060 150,000 70.4 N. S.
43 900 6,060 150,000 153.5 N. S.
44 900 6,060 150,000 51.5 N. S.
Testing discontinued as fastener assembly is not considered rupture
sensitive.	 The stress required for 100 hour life is 95 percent of the
900° F yield strength.
4.	 Stress Relaxation @ 900° F -
Preload A - Initial Stress - 142, 300 psi
"Test Hours Residual Stress
No. Run pounds psi 1)
45 10 4, 150 102, 700
46 10 4,070 100, 700
47 10 4,340 107,400
48 50 4, 150 10?., 700
49 50 4, 070 100,700
50 50 "'800 94, 000
Preloa- B - Initial Stress - 92, 800 psi
51 10 ;^, 950 73,000
52 10 3, 100 76, 700
53 1: 2,800 69, 300
54 50 2, 900 71, 700
55 ^0 2, 95v I	 000
56 50 2,850 70,500
285
TABLE XXIII (continued)
Dart No. EWSB 926-4-34
Nut - EWSN 926-4
5. Tor ue vs. Induced Load @ Room Temperature -
Torque Test No. 57 Test No. 58 Test No. 59
inch- pounds Luad, pounds Load, pounds Load, pounds
50 1100 850 1000
1.00 2250 1850 2200
150 3600 2800 3350
200 4650 3850 4650
250 5850 5050 5700
300 6350 6300 6700
350 7900 '7250 7600
400 9000 7950 8350
450 9500 8850 9050
500 9500 -- --
(1) Stress calculated at Basic P. D. of .0404 square inches.	 -'
(2) Stress calculated at twice nominal diameter area, .09817 square inches.
y.
RY
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TABLE XXIV
MECHANICAL PROPERTIES
Part No. EWSB 926-8-50 -Material - AISI H-11 (260 ksi)
Part No. Nut EWSN 926-8 - Material AMS 6304 (210 ksi)
Size 1/2-20
1. Tensile -	 Base Material Properties (As Received)
. 357 Specimens
Elong.
Test Test Temp, Ult. Stress, Yield Stress, Gage, .5 in. Red. of Area
No. OF psi psi % %
1 -423 2419200 No Yield Spec, fractured outside gage
2 -423 201,400 No Yield - -
3 -423 2641300 No Yield - 2.2
4 70 283#100 239,600 10.7 40.4
5 70 281,500 239,600 11.4 43.0
6 70 2869 100 2441600 10.0 38.7
7 900 2121500 195,900 13.5 52.3
8 900 211, 000 1969 000 13.5 54.4
9 900 218,000 2059 000 11.4 51.8
Bolt & Nut Properties (As Received)
Test Test Temp, Ult. Load, Ult.	 Stress, Yield Load, Yield
No. OF pounds psi(1) pounds Stress, psi
10 -423 37, 000 (H) 215,600 No Yield
11 -423 381600 (H) 2251000 No Yield
12 -423 35,500 (H) 2060500 No Yield
13 70 43,000 (N. S. ) 2509500 36,700 213,800
14 70 432-300 (N. S. ) 252, 300 35)600 207#400
15 70 42S800 (N. S. ) 249,400 36,100 2100300
16 900 31, 250 (N. S. ) 226.900 34,500 2010 000
17 900 330250 (N. S. ) 193,800 310000 180,700
18 900 37,250 (N. S. ) 217,100 329 500 109,400
(1) Stress calculated at baz , ic pitch dia, area of . 1716 square inches.
H - Head Failure
N. S., - Nut Stripped
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T:1BLE XXIV (continued)
Part No. EWSB 926-8-50
EWSN 926-8
1. Tensile (continued) -
Base Material Properties (As cycled)
.357 Specimens
Cycled 12 times
Seated at 85, 000 psi
70 0 to -42'° F to 70° F - Cycling Tests Not Conducted.
70°F to 900°F to 70°F
Elong.
Test Test Temp, Ult. Stress,	 Yield Stress, Gage, 1. 4 in. Red. of I>r- a
No. OF p i	 psi %
19 70 282,300	 236, 500 10.0 38.3
20 70 278,000	 2310000 14.0 39.3
21 70 ?741 700	 2,1IDx, 200 11.4 42,5
Bolt & Nut Properties (As Cycled)
70 O F to -423°F to 70°F - Cycling Test Not Conducted.
70°F' to 900°F to 70°F
Test Test Temp, Ult. Load,	 Ult. Stress, Yield Load, Yield
No, OF pounds	 psi(1) pounds Stress, psi
22 70 48, 500 (N. S. )	 282,600 379400 217,900
23 70 48, 700 (N. S. )
	
283 9 700 381400 2230700
24 70 49,000	 285,500 389000 2219400
Bolt & Nut Properties As Relaxed - 50 Hours
Preload A
25 70 470 700 (N. S. 278,000 38, 000 221,400
26 70 48,200 280,900 39 600 2301800
27 70 481100 280, 300 389200 22&-., 600
Preload B
28 r0 47,700 273#000 37, 000 215,600-
70 48, 500 282,600 361700 213, 900,
30 70 481600 2831200 370600 219,100-1
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TABLE NXIV (continued)
Part No, E WSB 926-8-50
E WSN 926-8
2, Double Shear -
''As Received"
Test Test Temp, Ult.	 Load,	 Ult.	 Stress,
No. or pounds	 psi(2)
-423	 Tests not conducted.	 Shear fixtures being redesigned.
31 70 67,900	 172,900
32 70 68,200	 174, 900
33 70 69, 000	 17-, 700
34 900 49,000	 124,000
35 900 49,000	 124,000
36 900 5100 300	 127,800
''As Cycled''
70° F to -423° F to 70° F - Cycling Tests Not Conducted.
l0°F to 900°F to 70°F
37 70 70,1500	 179,500
38 70 68,800	 177,700
39 70 69,600	 177,200
As Relaxed - 50 Hours
Preload A
40	 70	 65,100	 165,800
41	 70	 6 5, 000	 16 5, 500
42	 70	 63,800	 162,400
Preload B
43	 70	 66, 300	 168,800
44	 70	 66, 300	 168,800
45	 70	 65, 300	 166, 300
(2) Stress calculated at twice nominal dia, area, . 3927 square inches.
289
TABLE XXIV (continued)
Part No. EWSB 926-8-50
EWSN 926-8
3. Stress Rupture
Stre— rupture tests at 900'F were not conducted. Fastener assembly is
not considered rupture sensitive as evidenced by 1/4 inch results which
show the stress required for 100 hour life was 95 percent of the 900° F
yield strength.
4. Stress Relaxation C 900° F
Preload A - Initial Stress - 125, 500 psi
Test Hours Residual Stress
No. Run op unds sp	 i(1)
46 10 17,330 101,000
47 10 16,818 98,000
48 10 16,010 93,300
49 50 14,688 85,600
50 50 14,27-7 83,200
Preload B - Initial Stress - 78, 700 psi
51	 10	 11,754	 68,500
52	 10	 10,319	 63, 000
53	 10	 10,810	 63,000
54	 50	 10,000	 58,300
55	 50	 9,798	 57, 100
56	 50	 10,210	 59,500
Torque, Test No. 57 Test No. 58
inch-pounds Load, pounds Load, pounds
400 6,500 7,000
800 16,000 13,000
1200 23,000 21,500
1600 30,500 Z7,500
2000 35,000 33,000
2400 39,000 35,000
2800 40,000 37,000
Test No. 59
Load, pounds
^, 500
13,000
22,000
28,000
33,500
39,000
TABLE XXIV (continued)
Part No. EWSB 926-8-50
Nut - EWSN 926-8
5. Torque vs. Induced Load @ Room Temperature -
(1) Stress calculates at Basic P. D. of . 1716 square inches.
(2) Stress calculated at twice nom-nal diameter area, . 3927 square inches.
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TA.BLF XXV
SUMMARY OF RESULTS
NAS 673 & FN12 - MATERIAL Ti 61 -4V ( 160 KS:,
Material Properties -
0.2% Offset
U. T. S.
	
- KSI Yield - KSI Elongation - %
Test
Te mp • 410 1/4 1/2 410 1/4 1/2 410	 1/4 1/2
-423° F 325. 0 312, 5 246.0 315. 1 307. 3 239. 0 4, 0	 6.o u. 3
3,21. 4 314.6- 271.4 313.8 312, 5 266, 3 6. 0	 6.o 5.7
319.4 310. 4 274.4 316. 3 310.4 264.2 4.0	 6.o 5, 7
70° F 176, 0 176.8 171, 1 160.2 159. 1 161. 3 12.0	 12.0 13, 5
181. 1 173. 1 164.9 166. 3 158.6 162.7 12. 0	 12.0 13, 5
176.0 172.9 165. 6 162. 2 156.2 161. 5 14.0	 12.0 14.2
400° F 138.0 135. 2 128, 6 120. 0 116, 3 123, 6 16.0	 14.0 16.4
135.0 136,7 135.6 1'7,5 117,3 123,6 16.0	 14,0 15,7
- 135,4 131,0 - 118,7 121,0 -	 12,0 18.5
Reduction of Area - % Shear Strength-KSI
Tc,-t
Temp. 410 1/4 1/2 410 1/4 1/2
-423°F 25.2 32,8 34, 1 151.6 132.4 Test
29. 6 28, 3 28, 5 155.2 137, 5 Not
10.4 26, 7 26.8 144.6 142, 3 Conducted
70° F 53.8 48, 7 45.4 111, 4 108, 0 115.9
53.8 47, 5 52.0 113.2 112.0 114, 1
55. 3 48.4 51. 7 113.4 112.0 110.8
400° F 59, 5 57, 3 57.0 83.8 76.4 85.3
57.2 58, 3 55, 3 79.8 78.4 90.6
- 56, 7 58.0 79.4 75. 1 92.9
Bolt & Nut Properties -
U. T. S. - KSI (1)
i/4	 1 /L
170, 5
	 157. 5 (N. C. 1
176.0 (N. S. 164. 5 (N. C. )
189.7	 139. 5 (N. C. )
167.7 (N, S. 142. 5 (N, S. )
173.2	 140. 7 (N, S. }
164.4
	 139.4 (N. S. )
148. 4 (N. S. 101. 6 (N. S.
148; 4 (N. S. 110. 0 (N. S.
145, 7 (N, S.
	 121. 3 (N. S. 1
Johnson's 2/3 Approx.
Yield - KSI
410 1/4 1/2
N. Y. N. Y. N. Y.
N. Y. N. Y. N. Y.
N. Y. N. Y. N. Y.
167, 5 140.2 140.2
161, 0 153, 9 140, 0
159. 5 14S.4 138.8
145, 1 137, 2 100, 0
147, 5 134, 7 109, 4
143, 0 130, 6 118, 1
Test
T e mp,	 410
-423° F	 230. 1 (N. S. )
205.0
222. b (N. S. )
70°F
	
186.0
181. 5
180, 0
400 ° F	 158, 1
158, 8
1640
N. S. Nut Stripped
N. C. Nut Cracked
(1) Stress calculated at tensile strvs^: area
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MATERIAL PROPERTIES
Shear Bolt - NAS 673
Material - Ti 6A1-4V (160 KSI) S"
Legend
#10 (.113 Spec. ) LABORATORIES
1/4  ( .113 Spec. )— — --v-- — --
Chart No.: ^	 321/2 ( . 357 Spec.) 	 — -- — —t?— — — —
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BOLT & COMPANION NUT PROPERTIES
Shear Bolt - NAS 673 - Material - Ti6A1-4V (160 ksi)
Nut - FN 12 - Material - AISI 4027 3"Cadmium Plated per QQ-P-416a
Legend
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CYLINDER S"FRE.SS RE'LAXATIOti
Shear Bolt - \ AS673 - :Material Ti6)Al-4V ( 160
rt FN 12 -	 Material AI5I 402 r ; 160 ksi)
C tdrmum Plated per QQ-P-416a
r ,-,St	 1'emperature	 400* 1,-
Legend
1110- 32	 `--	 Q Preload A
1/4- 28
	 ------- --	 A Preload B
1/2-20	 — — — — —	 — --	 vg. of 3 Fests
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LABORATORIES
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'TABLE XXVI
MECHANICAL PROPERTIES
Part No, NAS 673V - 36 - Material - Ti 6A i. --IV (160 x5
Part No, Nut FN12-02 Material AlSi 4)27 (160 1<si)
Size - #i0-32x2, 588
1. Ten sile_ -	 Base IMaterial Properties '.As Received)
. 113 Specimens
L' a 1 . ,
Test Test Temp, Ult,	 Stress, Yield Stress, Gag(-,	 , 5	 in, RA. of Area,
No, OF psi psi %
I -423 3251000 315, 100 4. 0 25.2
2 -423 321,400 313, 800 6, 0 29, 6
3 -423 319,400 316, 300 4.^
4 70 17,'.'000 160,200 121- 0 53, `<
5 70 1819 100 166, 300 12„ 0 53, 8
6 70 176,000 162,200 14. ! 5, 3
7 400 138, 000 12o, 000 16, 0 59. 5
8 400 135,000 117, 500 16.0 ?, 2
9 400 - - - -
Bolt & Nut Properties (As Received)
Test Test Temp, Ult,	 Load, Ult.	 Stress, Yiel<'l Load, Xie1,?
No. OF _ pounds psi(-) rounds StressL___Psi
10 -423 4, 600 (IN. S. ) 230, 100 No Yic'_d
i	 1 -423 4, 100 205, 100 No Yi_cld
12 -423 4,450 (i\T , S. ) ?'Z2, 600 Nc. Yield
13 70 3, 720 186, 000 3, 350
14 70 3, 530 1 Si, 500 3, 220
15 70 3,600 180,000 3, 190
16 400 3, 160 158:, 6010 2,900
1'7 400 3, i75 's, 800 2, 050
18 400 3,280 ib4, 000 ', 860
(1) Stress calculated at tensile stress area of . 01999 squale inches.
N. S,	 - Nut Stripped
167, 500
161, 000
159, 500
145,100
147, 600
143, 000
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T.,'i.BLE XXVI (continued)
Part No. NAS 673V-36
FN 12--02
1. Tensi le ( con tinued) -
Base Material Properties ( As cycled)
. 113 Specimen_;
Cycled 12 Times
S-^ated at 77, 000 psi
70 0 to -423° F to 70° F
Test Test Tei-rp,
No.	 ° F
19	 70
20	 70
21	 70
EJong.
Ult.	 Stress, Yield Stress, !cage,	 . 5 in. Red	 of Area,
psi	 _ p si
 %—
175, 300 159, 8 J J 12.0 49.0
170, 100 153$ 601-1 1L. 0 50, 5
178,900 162, 100 12.0 50.0
70 ° r to 400 ° F to 70 ° F
22 70 172, 1 00 147, 300 14.0 49.8
23 70 1'6,3.9 I'll 0 0 152, 600 14. 0 51. 3
24 70 1 74, 400 158.800 14.0 48.8
Bolt & Nut Properties (As Cycled)
70'F to -423'F to 70°F
TF:st Test Temp. Ult.	 Load, Ult.	 Stress, Yield Lead, Yield
No,
°F pounds — psi(1) ^pounds^ Stress,	 psi
25 70 3,660 183,100 3,350 167,600
26 70 3,810 190,100 3)400 1-#0'10-v
27 ?0 3, 740 187,100 30 300 1659100
70"E' !o 400' F' to 70	 F
28 (a) 70 3,650 182,500 <, 150 15'i, 500
29 (a) 70 3,700 185,000 3,150 157,500
30 (a) 7C 3, 7 .10 187,100 Not Tested ---
31	 (b) 70 3, 550 177,60C 3,050 152,600
32 (b) 70 3,	 70 178,600 3 220 161,000
(a) Fast Cycle
(b) Slow Cyc1c-
29 7
Ult, Load,	 1.1 It. Stre s s,
	
pounds	 psi(1)
	
3, 750	 187, 500
	3,825
	
191, 200
	
3,775	 1882 KOI
Yield Load, Yield
pounds Stress.	 psi
3,520 176,000
3,400 170, 000
3,500 175,000
TABLE XXVI(continued)
Part No, NAS 673V-36
FN 12-02
1, i .n. ilt j --ontinucd; -
Bolt & Nut Properties
As Relaxed - 50 Hours
Preload A
Test	 Teat Temp,
No. OF
33 70
34 70
j5 70
Preload B
36 70
37 70
38 70
3,620 181,000 3,280 164, 000
3,680 184, COO 3, 350 167, 500
3,670 183, 500 3, 340 167,000
2, 'double Shear -
"As Received-
Test Test Temp, Ult.	 Load, Ult.	 Stress,
Ivo, F pounds psi(2)
39 -423 80600 151, 600
40 -423 8,800 155, 200
41
-422 8,200 144, 600
42 70 5, 500 97,800
43 7n 5, 750 101,400
44 70 5,660 99,800
45 400 4, 750 83,800
46 400 4.525 79,800
47 400 4, 500 79,400
(2) Stress calculated at twice non-iinal dia,
	 area,
	 , 05571 square inches,
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T:i.BLE X'!1 (continued)
Part tio, NAS 673V-36
FIN 1.2-02
2_ Double She^:.r - (continuedl
B As Cycled-
70° F to -423"Y to 70° F
Test	 Test Ternp, Ult,	 Load, Ult,	 Stress,
No. OF p )UX it.S psi(2)
48 70 5,720 100,800
49 70 5,900 104,000
50 70 5,810 102, 500
70° F to 403 O
 F to 70° F
51 70 5, 69C 100, 300
52 70 5,830 102,800
53 70 5, 710 100,700
As Relaxed - 50 Hours
Pi :.load A
54 70 5, 800 102, 300
55 70 5, 800 102, 300
56 70 5, 900 104,000
Preload B
57 70 5,270 92, 900
58 70 5, 370 94,700
59 70 5,310 93,600
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TABLE XXVI (continued)
Part No. 1q'AS 673V-36
FN 1.2-02
3_ Stress Rupture
Test Test Temp, Load, Load Stress, Time,	 Location
No. ° F pounds psi(l) Hr s.	 of Failure
60 400 3,200 160, 100 ---	 Failed loading
51 400 3,040 152, 100 100	 No failure
62 400 3,040 15?, 100 ---	 Failed loading
63	 400	 3,040	 152, 100	 118	 No failure
64	 400	 3,040	 152, 100	 100	 No failure
Testing discontinued as fastener assembly is not considered rupture
sensitive. The stress required for 100 hour life is above the 4.00° F
yield strength.
4. Stress Relaxation C 400°F
Preload A - Initial Stress - 101, 000 psi
Test Hours Residual Stress
No. Run_ pounds	 psi(l)
65 i0 1,919	 96,000
66 10 1,939	 97,000
67 10 Specimen damaged in disassembly.
68 50 i, 900	 95, 500
69 50 1,900	 Q5, 000
70 50 1,900	 95,000
Preload B - Initial Stress - 63, 750 psi
71 10 i, 259	 63, 000
72 10 i, 259	 63,000
73 10 1,259	 63,000
74 50 1,259	 63,000
75 ; 0 1,259	 63,000
76 50 1,259	 63,000
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TABLE XXVI (continued)
Part No. NAS 673V-36
Nut - FN 12-02
5. Torque vs. Induced Load C Roorn Temperature -
Torque, Test No. 77 Test No. 78 Test No. 79
inch-pounds Load, pounds Load, pounds Load, pounds
20 850 1000 750
30 1400 1650 1200
40 1900 2350 1500
50 2400 2850 2100
60 2950 3300 (B. B.) 3150
70 3500 (B. B.) -- 3350 (B.B.)
B. B. - Bolt Broke
(1) Stress calculated at tensile stress area of .01999 square inches.
(2) Stress calculated at twice nominal diameter area, .05671 square inches.
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TABLF ^".XVII
MECHANICAL PROPERTIES
Part No, NAS 674V-38 Material Ti 6A1-4V (160 ksi)
Part No, Nut FN12-048
S_ze - l /4-28xZ. 800
1. Tensile -	 Base Material Properties (As Received)
. 113 Specimens
Elong.
Test Test Temp, Ult.	 Stress,	 Yield Stress, Gage,	 .5 in. Red. of Area,
No. OF psi psi %
1 -423 312,500 307,300 6.o 32.8
2 -4Z3 3149600 3121500 6.0 28. 3
3 -423 310,400 310,400 6.0 26.7
4 70 176,800 159, 100 12.0 4o. 7
5 70 173,100 158,600 12.0 47.5
6 70 179,900 1561200 12.0 48.4
7 400 1359200 1.16, 300 14.0 57. 3
8 400 136, 700 :.17, 300 14.0 58. 3
9 400 135, 400 118,700 12.0 56.7
Bolt & Nut Properties (As Received)
Test Test Temp, Ult. Load, Ult.	 Stress, Yield Load, Yield
No. °F' pounds psi(1^ pounds Stress,	 psi_
10 -423 6,200 170, 500 No Yield
11 -423 6,400 (N. S. ) 176,000 No Yield
12 -423 6,900 189,700 No Yield
13 70 6, 10C, I N. S. ) 167,700 5, 10C 140,200
14 70 6,300 173$200 59600 153, 900
15 70 5,980 !64,400 5, 400 148,400
16 400 5,400 (N. S. ) 148,400 4,990 137, 200
17 400 5, 400 (N. S. ) 148,400 4,900 134,700
18 400 5,300 145S700 4, 750 130, 600
(1) Stress calculated at tensile stress area of .03637 s;-3re inches.
N. S. - Nut Stripped
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TABLE XXVII (continued)
Part No. NAS 674V-38
FN 12-048
1, 1 ens il e ( C ontinued) -
Bolt x Nut Properties
.As Relaxed - 50 Hours
preload A
Test Test Temp, Ult.	 Load, Ult,	 Stress,
No. _	 OF _ pounds psi(l )
10 70 6, 160 169, 300
20 70 6,250 171,800
? i 1 6,080 167,100
Preload B
Yield Load, Yield
pounds Stress,
	 psi_
5,810 159, 700
5,990 164,600
5,700 156, 700
2Z	 70	 6, 08Q 167,200 5, 700 156, 700
23	 70	 6,080 167,200 5,600 154,000
24	 70	 6,220 171,000 5,875 161, 500
',03
TALL XXVII (continued)
Part \o, N \5 674V-38
F '^\: 1 L' - 048
2. Doui,le Shear -
''As Received''
Test Test Temp, Ult.	 Load, Ult.	 Stress
:No. °F poands psi(-)
7.5 -423 13,000 132,400
26 -423 13, 500 137P500
27 -423 1-1,000
 142, 300
28 70 10,600 1081000
29 70 11,000 1 1?_, 000
30 70 11, 000 112,000
31 400 70 500 761400
32 400 7,700 78,400
33 400 7$400 759400
As Relaxed - 50 Hours
Preload 3
34 70 10,800 1109000
35 70 10, 700 109,000
36 70 10,800 1100 000
Preload L
37	 70	 10,600	 108, 000
3S	 70	 10, 500	 107,000
39	 70	 10,500	 107,000
(2) Stress c.alculat4d at twice no-niral dia area, , 09817 square inches,
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TABLE XXVII (continued)
Part No. :\AS 674V-38
3. Stress Rupture
Test Test Temp, Load, Load Stress, Time Locaticn
No. OF pounds psi(1) —Hrs. of Failur
40 400 5,640 155, 000 --- Failed loading
41 400 5,410 150,000 113.2 No failure
42 400 5,460 150,000 --- Failed loading
4.3 400 5,460 150,000 --- Failed loading
44 400 5,270 145,000 i 021 . 0 No failure
45 400 5,270 145,000 141. 1 No failure
Testing discontinued as fastener assembly is not considered rupture sen-
sitive. The stress required for 100 hour life was above the 400°F yield
st ren;th.
4. Stress Relaxation O,400°F
Preload A - Initial Stress - 100, 000 psi
Te_t Hours Residual Stress
Rio. Run pounces psi(1)
46 10 3,400 93,500
47 10 3,426 94,200
48 10 3,255 89,500
49 50 3,309 91,000
50 50 3,447 94,800
51 50 3, 353 92,200
Preload B - Initial Stress - 65, 000 psi
52 10 2, 150 59, 100
53 10 2,200 60,400
54 Specimen damaged in disassem'_. }
55 510 2, 200 60,400
56 50 2, 180 59,900
57 50 2, 120 58,200
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TABLE XXVII (continued)
Part No. NAS 674V-38
Nut - FN 12-048
5. Torque vs. Induced Load. C Room Temperature -
IJ50
2000
2650
3500
4750
5500
5700
B. B.
B. B. - Bolt broke
Torque, Test No. 58
inch-pounds Load, pounds
50 500
75 1500
100 2450
125 3300
150 3950
175 5100
2,00 5600
225 B. B.
'Pest No. 60
Load, pounds
1450
2000
3000
4000
4750
5300
5600
B. B.
Test No. 59
Load„ pounds
(i) Stress calculated at tensile stress area of .036^7 square inches.
(2) Stress ca.lculatcd at twice nominal diameter area, .098!.7 square inches.
306
TABLE XXVIII
MECHANICAL PROPERTIES
Part No. NAS 678V-46 - Material - Ti 6A1 -4V (160 ksi)
Part No. Nut FN12-030 -- Material AISI 4027 (160 ksi)
Size - 1/2-20
1. Tensile -	 Base Material Properties (As Received)
.357 Specimens
Elang,
Test Test Ternp, Ult.	 Stress,	 Yield Stress, Gage,	 . 5 in. Red. of Area,
No, OF psi psi
 % a_ %
1 -423 246$000 239,000 6. 3 34.1
2 -423 271, 400 266,300 5. 7 28.5
3 -423 2741400 264,200 5, 7 26,8
4 70 171,100 161,300 13. 5 45.4
5 70 1612, 800 1621700 13, 5 52.0
6 70 1651600 1610500 14.2 51.7
7 400 128,600 123,600 16.4 57.0
8 400 135,600 123,600 15. 7 55.3
9 400 131, 000 121,000 18. 5 53.0
Bolt & Nut Properties (As Receive(l)
Test Test Temp, Ult,	 Load, Ult.	 Stress, Yield Load, Yi-^ld
No. OF pounds psi( l ) pounds Stress,	 psi
10 -423 24,200 (N. C.) 157,300 Nu Yield -
11 -423 26,300 (N. C. ) 164,500 No Yield -
12 -423 22, 300 (N. C. ) 139,50C No Yield -
13 70 22,800 (N. S. ) 142,500 2"L, 500 140,710
14 70 22,500 (N. S. ) 140,700 22,400 140,000
15 70 22, 300 (N. S.) 139, 400 22, 200 13K, 80P
16 400 16,250 (N. S. ) 101, 600 16,000 100,000
17 400 17,600 (N. S. ) 110,000 17,500 109,400
18 400 19,400 (N, S. ) 121, 300 18,900 118,100
N. C. - "Tut Cracked
N. S. - Nuc Stripped
(1) Stress calculated at tensile stress area of . 159 Q square inches.
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TABLE XXVIIT (continued)
Part No. NAS 673V-46
FN 12-080
1. Tensii^ (continued) -
Base Material Properties (As cycled)
357 Specimens
Cycled 12 Times
Seated at 77, 000 psi
70 0 to -423 0 F to 70 1 F - Cycling Tests Not Coudu cted.
70 ° F to 400 ® F to 70 ° F
Elong.
Test Test Tern-P,	 Ult. Stress,
NO.	 OF	 psi
19	 70	 167,800
20	 70	 169,800
21	 70	 167,800
YiPId Stress, gage, 1.4in. Red, of Area
psi	 %
	 %
163 1 300	 15.0	 53.8
169,300	 15. 7	 52.0
166,800	 15.7	 52.0
Bolt & Nut Properties (As Cycled)
70°F to -423°F to 70°F - Cycling Tests Not Conducted
70 ° F to 400 ° F to 70 ° F
Test Test Temp, Ult.	 Load,	 Ult.	 Stress, Yield Load,
No. OF pounds psi(l) pounds
22 70 21, 500 (N. S. ) 134, 500 No Yield
23 70 23, 800 (N. S. ) 148,300 No Yield
24 70 22, 500 140, 700 No Yielct
As Relaxed - 50 riours
Preload A
2a 70 23, 750 (N, S.) 148, 500 No Yield
2c 70 22, t'00 (N. S. ) 137, 500 No Yield
27 7u 23,4-0 (N. S. ) 146,300 No Yield
Preload :3
28 70 23,500 (N. S. ) 146,900 No Yield
29 70 24,000 (N. S. ) 150,000 No Yield
30 70 23,250 (N. S. ) 145,400 No Yield
Yield
Stress, psi
N. S. - Nut Stripped
	 ;08
TABLE X};N% III (continued)
Part No. NAS 578V-46
FN 12-080
2.	 Double Shear -
''As Received''
Test Test Temp, Ult,	 Load,	 Ult,	 Stress,
No. _	 OF pounds psi(2)
-423
	 Tests not conducted. Shear fixtures being redesigned.
31 70 45,500 115,900
32 70 44#800 1141 100
33 70 431500 1100800
34 400 330 500 85, 300
35 400 359600 90$600
36 400 369 500 92,900
''As Cycled"
70 1 F to -423° F to 70° F - Cycling Tests riot conducted.
70°F to 400 0 F to 7C*F
37 70 41,900 106, 700
38 70 400300 1029600
39 70 41,900 106, 700
As Relaxed - 50 Hours
Preload A
40 70 41, 500 105, 700
41 70 400800 103,900
42 70 40, 700 103P600 
Preioad 3
43 70 411000 104)400
44 70 42, 100 107,200
45 70 40,900 104, 200
(2) Stress calculated at twice nominal dia. Urea., . 3927 square inches.
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TABLE XXVIII (continued)
Part No. NAS 678V-46
FN 12-080
3. Stress Rumure
Test Test Tamp, Load, Load Stress, Time, Location
No. °F pounds psi(l) Hrs. of Failure
46 4.00 19; 200 12C, 000 --- Failed loading
47 400 18,400 115, 000 100.6 No failure
48 400 18,400 115,000 --- Failed loading
49 400 18,400 115,000 160. 0 No failure
50 400 18,400 115,000 100,8 No failure
51 400 17,600 110,000 100.0 No failure
Testing discontinued as fastener assembly was not considered rupture
sensitive.	 The stress requiredfor 100hour life is above the 400°F
yield strength.
4. Stress Relaxation @ 400° F
Preload A - Initial Stres- - 63, 200 psi
Test -lours Residual Stress
No. Run pDands sit l)
5Z 10 9,498 59,400
53 10 9,498 59,400
54 10 9,498 59,400
55 50 9, 194 57,500
56 50 9,146 57,200
57 50 9, 194 57,400
Preload B - Initial Stress - 38, 300 psi
58 ! 0 5,996 37,500
59 10 5,996 37,500
60 10 5,996 37,500
61 50 5,788 36,200
62 50 5,884 )6,800
63 50 5,644 35,300
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TABLE :' VIII (continued)
Part No. NAS 678V-46
Nut - FN 12-080
6. Torque vs. Induced Load @ Room Temperature -
Torque, Test No. 64 Test No. 65 Test No. 66
inch-pounds Load, pounds Load, pounds Load, pounds
300 2,000 2,000
400 3,250 Z,500 3,000
500 5,000 4,000 4,060
600 T.1500 5,500 6,000
700 10,000 8,000 7,250
800 11,500 9,500 8,500
900 13,500 i 1, 500 10,000
1,000 17, OOC 13,500 13,000
1,100 18,000 14,500 14,500
1,20o Nut Hex Reamed 16,000 16,000
1,300 ---- 18,000 18,000
(1) Stress calculated at tensile stress area of . 1599 square inches.
(2) Stress calculated at twaze nominal diameter area, .3927 square inches.
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APPENDIX III
TEST RESULTS
POINT DRIVE FASTENERS AND JO BOLTS - P^ Ai EE II
313
TABLE XXIX
SUMMARY OF RESULTS
Point Drive Bolt & Twist-Off Nut
HL IOV 70W
Material - Ti 6A 1-4V & Al 2024
Test
Temp. Ult. Strength (ksi) (1) Shear Strength (ksi)	 (2;
#10 1/4 3/8 #10 1/4 3/8
-423°F 139.0 (NS) 136.9 (NS) 64.9 (H) 141. 1 137. 5 Test
153. 1 (NS) 130.6 (NS) 127.5 (H) 175. 1 137.5 Not
150. 1 (NS) 132.0 (NS) 134.4 (H) 127.0 120.2 Conducted
70°F 99.0 (NS) 97.2 (NS) 91.7 (NS) 109. 3 108.0 104.6
99. 8 (NS) 93. 5 (NS) 89.4 (NS) 116.0 109.0 114. 1
101.0 (NS) 93. 5 (NS) 98. 5 (NS) 121. 7 112.0 111.4
250°F 98.0 (NS) 92.6 (NS) 91. 1
	 (11,1S) 84.2 89.6 96.0
92.0 (NS) 86. 1 (NS) 94.4 (NS) 89.5 93.7 91.0
93.0 (NS) 85.9 (NS) 97.1 (NS) 92. 6 95.6 96.0
(1) Stress calculated at tensile stress area.
(2) Stress calculated at twice nominal diameter area.
(NS) Nut Stripped
(H) Head Failure
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TAziLE XXX
MECHANICAL PROPERTIES
Part No. HL10V 70W-6-40 Bolt Material - Ti6AI-4V- Nut Material - 2024 Al
Size - #10-32
I- TPnsi le -
	Test	 Test Temp,
	
No.	 OF
1 -423
2 -423
3 -423
4 70
5 70
6 70
7 250
8 250
9 250
"As Received"
	
Preload,	 Preload,
	
pounds	 Psi (1)
Ult. Load,
pounds
2,780 (N. S. )
3,060 (N. S. )
3,000 (N. S. )
1,980 (N. S. )
1,995 (N. S.
2,020 (N. S. )
1, 960 (N. S. )
1,850 (N. S. )
1,860 (N. S. )
Ult. Stress,
psi
139, 100
153, 100
150, 100
99, 050
99,800
101,051
98,050
92,546
93,047
	
1,700	 85,043
	
1,680	 84,042
	
1, 575	 78,789
"As Cycled"
T, °	 to -423°F to 70°F - Cycling tests not conducted.
70°F to 250°F to 70°F
10 70 1, 500 75,038
	
2, 060 (N. S. )
	
103, 052
11 70 1, 200 60,030
	
2, 055 (N. S. )	 102,801
12 70 1, 650 82,541	 1, 950 (N. S. )	 97,549
(1)	 Stress calculated at tensile stress area of . 01999 square inches.
(N. S. ) - Nut Stripped
315
TABLE XXX (continued)
Part No. HL 10V 70W-6-40
2. Double Shear -
"As Received"
Test Test Temp, Ult.	 Load, Ult.	 Stress,
No.
-
OF pounds psi (2)
13 -423 8,000 141,100
14 -423 9,930 175,100
15 -423 7,200 127,000
16 70 5,950 104,920
17 7,J 5,920 104,391
18 70 5,670 99,982
39 250 4, '775 84,200
20 250 5,075 89,500
"1 250 5,250 92,600
"As Cycled"
70°F to -423°F to 70°F - cycling tests not conducted
70°F to 250°F to 70°F
22	 -70	 5,470	 96,456
23	 70	 6,040	 106,507
24	 70	 6,200	 109,328
3. Vibration - ALMA #10 -
Installation Breakoff lox Mag.
Test Torque Torque No. of Degrees Visual
No. inch-pounds inch-pounds Cycles Movement Insp Remarks
25 12 28 30,000 0 No cracks Passed
76 14 38 30,000 10 No cracks Passed
27 15 30 30,000 0 No cracks Passed
28 17 33 30, 000 0 No cracks Passed
29 15 30 30,100 0 No cracks . Passed
(2) Stress calculates: at twice nominal diarneter area, 05671 square inches.
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TABLE XXXI
MECHANICAL PROPERTIES
Part No. HL IOV 70W-8-42 Bolt Material - Ti-6A1 -4V - Nut Material 2024 Al
Size 1/4-28
1. Tensile -.
'As Received''
Test Test Temp, Preload, Preload, Ult. Load, Ult. Stress,
No. `F pounds psi (1) pounds psi
1 -423 4, 750 (N. S. 130,600
2 -423 4,800 (N. S. 132,000
3 -423 3, 535 (N. S. 97,200
4 70 1,750 48,117 3, 535 (N. S. 97, 195
5 70 1,400 38,493 3,400 (N. S. 93,484
6 70 1,900 52,240 3,400 (N. S. 93,484
7 250 3, 370 (N. S. 92,659
8 250 3, 130 (N. S. 86,060
9 250 3, 125 (N. S. 85,923
2. Double Shear -
"As Received
Test Test Temp, Ult.	 Load, Ult.	 Stress,
No. °F pounds psi (2)
10 -423 13, 500 137,500
11 -423 13,500 137, 500
12 -423 11,800 120,200
13 '10 10,600 107,976
14 to 10) 70C 108,995
15 `10 11,000 112,051
16 250 8,800 89,600
17 250 9,200 93, 700
18 250 7,400 95,600
(1)	 Stress calculated at tensile stress area of . 03637 square inches.
(2)	 Stress calculated at twice nominal diameter area, . 09817 square inche 3.
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TABLE X XXI (continued,)
Part No. HL lOV-70W-8-42
3. Vibration - ALMA # 10 -
Installation Breakoff lox Mai;.
Test Torque Torque No. of Dcgrecs Visual
No. inch-pounds inch-pounds Cycles Movement Insp - remarks
19 28 70 30,000 30 No cracks Passed
20 18 75 30,000 10 No cracks Passed
21 20 68 30,000 0 No crack3 Passed
22 30 70 30,000 0 No cracks Passed
23 20 58 30,000 20 No cracks Passed,
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70	 5, 800 66, 100
70	 5, 600 63, 800
70	 6,500 74,000
250
250
250
TA15LE XXXII
MECHANICAL PROPERTIES
Part Trio. HL 10V-70W-12-48 Bolt Material - Ti6A1-4V Nut Material 2024 Al
Size 3/8-24
"A,s Received''
	
Preload,
	
Preload,
	
pounds	 psi (1)
Test
No.
1
2
3
4
5
6
7
8
9
Test Temp,
OF
-423
-423
-423
Ult. Load,
pounds
5,700 (H. F. )
11,200 (H. F. )
11,800 (H. F.
8,050 (N. S. )
7, 850 (N. S. )
8,650 (N. S. )
8,000 (N. S.
8,250 (N. S. )
8, -525 (N. S. )
Ult. Stress, I
psi
64,900
127,500
134,400
91,700
89,400
98,500
91, 1.00
97, 100
"As Cycled"
70 ° F to -42 3 ° F to 70'F - Cycling tests not conducted.
70°F to 250°F to 70°F
10 70 5, 500 62, 600	 7, 500 (N. S. )
11 70 1,500 17, 100	 8, 000 (N. S. )
12 70 2, 500 28, 500	 8, 300 (N. S. )
(l)	 Stress calculated at tensile stress area of . 0878 square inches.
(H. F. Head Failure
(N. S. Nut Stripped
85,400
91, 100
94, 500
31.9
TABLE XXXII (continued)
Part No. I-IL 1OV 70W - 12-48
2. Double Shear -
"As Received"
Test Test Temp, Ult,	 Load, Ult.	 Stress,
No. OF pounds p ,^, i (` )
-423 Tests not conducted, shear
fixtures being redesigned
13 70 23, 100 104,600
14 70 25,200 114, 100
15 70 24,600 111,400 
16 250 21, 100 96,000
17 250 20, 000 91, C00
18 250 21,000 96,000
"As Cycled"
70°F to -423°F to 70°F - cycling tests not conducted
70°F to 250°F to 70°F
19	 70	 23,00(-..	 104,200
20	 70	 25, 100	 113, 700
21	 O	 25, 100	 113, 700
3. Vibration - ALMA # 10 -
Installation Breakoff
Test Torque Torque No. of Degrees	 IOx Mag.
No. inch-pounds inch-pounds Cycles Moven.lent Visual Insp.	 Remarks
22 85 200 30,000 0	 No cracks	 Passed
23 80 200 30,000 0
24 80 200 30,000 0
25 9(J 200 30,000 0
26 80 200 30,000 0
(2) Stress calculated at twice nominal diameter area, . 2208 sgaare inches
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TABLE XXXIII
SUMMARY OF RESULTS
Point Drive Belt & Twist-Off Nut
HL 1870W
Materiall - AIS-1 8740 & Al 2024
Test
Temp. Ult. Strength	 (ksi)	 (1) Shear. Strength (ksi) (2)
#10 1/4 3/8 #10 1/4 3/8
-423"F 143.6 (NS) 139. 7 (NS) 80. 1 (H) 155.2 152. o `lot
139. 1 (NS) 135. 3 (NS) 103. 1 (H) 151. 6 158,9 'Tested
149. 1 (NS) 140.8 (NS) 103. 6 (H) 153.4 163.0
70°F 98.5 (NS) 90.5 (NS) 99. 1 (NS) 111.0 111.0 99.6
95.0 (NS) 91. 8 (NS) 100.2 (NS) 112. 9 112.0 99.6
96.0 (NS) 94.0 (NS) 100. 2 (NS) 109. 3 111.0 100. 1
250° F 93.0 (NS) 79.2 (NS) 100.2 (NS) 91, i 100.8 96.5
94.5 (NS) 80. 3 (N-S ! 96. 8 (NS) 93. 9 102.9 97.7
91.0 (NS) 91. 3 (NS) 96. 8 (NS) 92. 1 100. 8 97.2
(1) Stress calculated at tensile stress area.
(2) Stress calculated at twice nominal diameter area.
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TABLE XXXIV
MECIiANICAL PROPERTIES
Pa , t No. H_ 1870W-6-40 Bolt Material Al SI 8740 - Nut-Material-2024 Al
Size 010_3Z -
_
1.	 Tensi l e -
"As Received"-
Test Test Temp, Preload, Preload, Ult. Load Ult. Stress,
No. OF pounds psi (1) pounds = psi
1 -423 2, 870 (N. S. 143,600
2 -423 2,780 (N. S. 139,100
3 -423 2, 980 (N. S. 1499 100
4 70 1,720 86,043 1,970 (N. S.) 98,549
5 70 1,500 75, 038 1,900 (N. S. j 95,048
6 70 1, 760 85,043 1,920 (N- S. 96,048
_	 7 250 1,860 (N. S. 93,047
8 250 1,890 (N. S. 94.547
9 250 1,820 (N. S. 91,046
"As Cycled"
70°F to -423°F to 70°F - Cycling tests not conducted.
70°F to 250°F to 70'F
10 70 800 40,020 1, 975 (N. S. 98,799
11 70 1,075 53, 777 % 975 (N. S. 98.799
12 70 1,400 70,035 2, 040 (N. S. 102, 051
(1) Stress calculated at tensile stress area of . 01999 square inches.
(N. S. ) - Nut Stripped
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f TABLE XXXIV (continued) =	 r
Part- No. Hl_. 1870W=6-40 -	 -
-
--2.
	
Double Shear
"As Received"
Test - Test Temp, - -	 Ult. -Load, =-Ult. Stress, 
*IF mounds __	 - -psi (2)
i3 -42 3 _ S, 1300 155, 200_
_	 14 -423 8,600 151,600 	 t.
15 -423
_	
-
	
8,700 _ - =	 153,400
16 70 5,500 96,985
17 70 -	 5, 500 c,5, 985
18 70 5,500 96,985- -
19 250 5,113 91, 200
20 250 5,325 93,900
21 250 5, 225 92,100
"As Cycled"
70°F to -423 °F to 70°F - cycling tests not conduced
70°F to 250°F to 70°F
22	 70	 5,420	 95,574
23	 70	 5,460	 96,279
24	 70	 5,440	 95,927
3. Vibratior_ - ALMA #10
Installazion	 Bre..,aff
Test Torque	 Torque	 No. of Degrees lOx Mag.
No. inch-Founds inch-pounds Cycles Movement Visual Insp. Remarks
25 6 28 30,000 60 No cracks Passed
26 7 30 30,000 60 No cracks Passed
27 7 28 30,000 00 No cracks Passed
28 6 29 30,000 90 No cracks Passed
29 10 29 30,000 30 No cracks Passed
(2) Stress calculatt;d at twice nominal diameter area, . 05671 square inches.
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TABLE XXXV
- -	 -MECHANIC- A-L- PROP]tRTIES
Part Nn: HL 1870W-S-42 - Bolt Material.AISI 8740- -Nut Material 2024 A1_
Sise - -1 /4-2$
- _	
-1: =	 Tensile
--	 ^,--	 ----	 = "As Received''
-
=	 Test	 -- -'Test Temp, -Preloard,	 Preload, Ult. Load, Ult, Stress
r_
--No. 
_	
_
OF - ^
_	 1	 _
pounds	 psi	 ) _' pounds	 = — psi
_	 1 -423 080 (N. S. 	 _ -139,700 
2 -423	 - - -4, 920 (N. S. 	 . 135,300 -
3 -423 _	 _. 5, 120 (N S. 140,800
4 70 2,090	 57,465 3, 290 (N. S. ) 90.459
5 70 2,350	 64,614- 3,340 (N. S. ) 91,-834
6 ' 70 2,425	 66.676 3,250 (N. S.) 89, 359 -
_	 -	 7 250 2, 880 (N. S. j 79,186
8 250 2, 920 (N. S. 80,286
9 250 3, 320 (N. S. 91, 284
2.	 Double Shear -
"As Received"
Test Test Temp, Ult. Load, Ult. Stress,
No. OF pounds psi (2)
10 -423 15,000 I	 L, 800
11 -423 15,600 158,900
12 -423 16,000 163,000
13 70 10,900 111,032
14 70 11,000 112,051
15 70 10,900 111,032
16 250 9,900 100,800
17 250 10, 1C0 102,900
18 250 9,900 100,800
(1) Stress calculated at tensile stress area of . 03637 square inches.
(2) 5iress calculated at twice nominal diameter area, .09817 square inches.
(N. S. ) Nut Stripped
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TAt3L .!: -XX-XV (continuecif
-
_
rt No. HL 187f w - 8 -42
f
--3.
	
Vibration - ALMA-fl-0
--Installation
	
15reakoff-
::	 Test Torque - 	T:,rque Nn, of Degrees IOX M1lg. -_
Nc - - - inc-'h=pounds inch=pounds - Cycles -Moven-h 	 - Visual Insp.	 Remarks-
'19
_-
1-8,-000 -=Goinplete=.motion_failure _^-
 
	 _
i0 -.10	 7.5 18,000
21
}
= __- 6S_
	 _	 - - -18- 000
22 - _	 - 9	 65	 _ 18.000'
-23
_,H
	 68 18,000
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- T'XXXVI
- MECHANIE2_L. PROPERTIFS_
- - = Fart: No.: H^. 1870W- 12=4$ Bolt -Material AISI 8740 - Nut Material` 2024 . Al
_	 Size 3/8-24 
Tensile
-
_ "As Received"- r._
_	 Test Test Temp, Preload;	 Preload;` Ult. =Load,_ Ult	 Stress;
f	 No. pounds	 _	 psi ( 1) pounds psi
1	
_ -	
-423:
-	 -:
7-,030 (H. F.
	 _ _$0,'i00_
-	 2
 --423 =_ 9,050 (H.'. ):- =_	 103, 100
-	
_	 3 -423 = =	
_	
- 9, 10.0 (H. F. } 103,-600
4 _	 70 3,100	 =	 35,300 8,700 (N. S. )_ 99,07-8
5 - 70	 - 3, 100	 35, 300.= 8, 800 (N. S. } 1007 216
6 70 2,600	 29,610 8,800 (N. S. j 100,216
-7 250 8,800 (N. S. 100, 216
- 8 _- 250 8,500 (N. S. 96, 800
9 250 8,500 (N. S. 96,800
"As Cycled"
70°F to -423°F to 70°F - cycling tests not conducted
70°F to 250°F to 70°F
10	 70	 2,000 22,777 8, 950 (N. S. 101,925
i 1	 70	 1,900 21,638 8, 900 (N. S. 101, 355
12	 70	 2, 100 23, 915 8, 975 (TAT . S. 102,209
(1) Stress calculated at tensile stress area of . 087E square inches.
(H. F. ) Head Failure
(N. S. ) Nut Stripped
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T BLE )iXXV-i (contitiued)
	
V
_
-Part 187W,
_	 n
.2: ^Dauble Shear
s `-lieif^
s-
lest ;Test "TPi^pa =	 Ult	 3 ,o ad, i31t Stress
_	 No. -	 F 'pounds psi
- -423 -_	 _Test not conducte3, shear
fixtures being redesigned
13 70 `.	 22, 000 ' 99, 638
14 _	 70 -	 22,000-- 93, 63$
15 70 22, 100	 - 160,091
16 - 250. 21, 200 96,500
17. Z50 - _	 21 500	 - 97,700
=	 18 250 - 21,400 97,200
- "As Cycled"
70 ° F to -423 ° F to 70 ° F - cycling tests not conducted
70°F to 250°F to 70°F
19 70 21, 700 98, 279
20 70 21,600 97,826
21 70 21, 700 98,279
3.	 Vibration - ALMA #-1 0
Installation	 Breakoff
Test	 Torque	 Torque	 No. of Degrees	 1Gx Mag.
No. inch-.pounds inch-pounds Cycles Movement Visual Insp. Remarks
22 33 195 30,000 90 No cracks Passed
23 30 200 30,000 90 No cracks Passed
24 33 200 30,0_00 90 No cracks Passed
25 37 190 30,000 30 No cracks Passed
26 35 190 30,000 45 No cracks Passed
(2) Stress calculated at twice nominal diameter area, . 2208 square inches.
3Z7
'TABLE X.YXYII
StIA21vSARY -,Or AES`tTLTS j- 	 	 j
-	 -,. Pq=int ^D	 ve Bolt- & T,w st 0ff Nut = -
Maker	
--'A=-286
= t1lt. Strength (lcs) ( 1)	 __	 Shear SxrPnth (ks)	 ()
Temp. ,:_ _ #30 1%4 l	 _	 _ #Z0 ^_ 1/4	 -
_ 	 -
^i
-423 F°.6217 -(Fi) 181:5 (H} 1b 1.5 160:'9
200. 1 (H) 194-.7 (H)	 - 164=0 -	 149:7
220. 1 (H) 193.6 (H)	 -- _ 16a. 5 152 8
70°F= 151.6 (H) 148.0 (H) 109.=3 _	 118. 9,
149.1 (T) 149. 8 (T) 109.9 118. 9
- 147.6 (T) 141.6 (H) 109.2 113.9
1200°F 80.0 (H) 111.5 (H) 63. 9 75.4
= 95. 5 (H) 110.0 (H)	 - 63. 0 76.9
95.0 (H) 112.0 (H) 66.1 75.4
(1) Stress calculated at tensile stress area.
(2) Stress calculated at twice nominal- diameter area.
(H) Head Failure
(T) Thread Failure
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TABLE XXXVIII
MECHANICAL PROPERTIES
Part No. HL 4078-6-40 Material A-286 (140 ksi)
Size 3/16 x 2 1/2" Gric,
1. Tensile -
"As Received"
Test Test Temp, Preload, Preload, Ult.	 Load, Ult,	 Stress,
No. OF pounds psi ( 1 ) pounds psi
1 --423 4, 350 (H) 217,600
2 -423 4,000 (H! 200, 100
3 -423 4,400 (T) 220, i00
4 70 1,400 70,000 3,030 (H) 151,600
5 70 1, 700 85,000 2,980 (T) 149, 100
6 70 1,500 75,000 2, 950 (T) 147,600
7 .1200 1,600 (H) 80,000
8 1200 1,910 (H) 95, 500
9 1200 1,900 (H) 95,000
"As Cycled"
70°F to -423°F to 70`F - cycling tests not conducted
70'7 to 1200'F to 70' F
10 70 1,000 50,000 3, 030 (H) 1.51, 600
11 70 750 37,500 2, 900 (H) 145, 100
12 70 1,000 50,000 2,980 (H) 149, 100
"As Relaxed - 50 hours"
13 70 700 35,000 3, 300 (H) 165, 100
14 70 775 38, 100 2, 900 (H) 145, 100
15 70 750 37, 500 3, 100 (H) 155, 100
(1)	 Stress calc-.lated at tensile stress area of . 01999 square inches.
(H) Head Failure
(T)
	
Thread Failure
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TABLE XXXVIII (continued)
Part No. HL 4078-6-40
2. Double Shear -
''As Received''
Test Test Temp, Ult.	 Load, Ult. Stress,
No. OF pounds psi (2)
16 -423 9, 160 161, 500
17, -423 9,300 164,000
18 -423 91 100 160,500
V 70 5,520 97,300
20 70 51 500 97, 000
21 70 5,500 97,000
22 1200 3,625 63, 900
23 1200 3,575 63, 000
24 1200 3.750 66, 100
''As Cycled''
70°F to -423'F to 70'F - cycling tests not conducted
70' F to 1200"F to 70 ° F
	
25	 70	 5, 00	 100,500
	
26	 70	 5,740	 101,200
	
27	 70	 5,720	 100,900
''As Relaxed - 50 Hours''
	
8	 70	 5,780	 101, 900
	
29	 70	 5,840	 103, OGO
	
30	 70	 5,800	 102, 300
(2) Stress calculated at twice nominal diameter area, . 05671 square inches.
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TABLE XXXVIII (continu.ed)
Part No. HL 4078-6-40
3.	 Stress Relaxation @ 1200°F -
'nitial Preload - 76, 600 psi
Test Hours Residual Stress
No. Run Founds PSI (1)
31 10 750 37,500
32 10 925 51,000
33 10 87.5 41,500
34 50 700 35,000
35 50 775 38,800
36 50 750 37,500
A .	 Vibration - ALMA # 10 -
Jnstallation Breakeff
Test	 Torque Torque No. of Degrees lox Mag.
IN o.
	
inch-pounds	 inch-pounds Cycles Movement Visual Insp.	 Remarks
37	 10 45 30,000 90 No cracks	 Passed
38	 8 48 30,000 80 if
39	 8 40 U, 000 0
40	 8 45 30,000 20
41	 10 45 30,000 0
(1)	 Stress talc-Idlated at tensile stress area of .01999 square inches.
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TABLE XXXIX
MECHA`:ICAL PROPERTIES
Part No_ HL 4078-8-42 - 'Material A-286
Size 1!4-28
1. Tensile -
"As Received"
Test Test Tern?, Preload, Preload, Ult.	 Load, Ult. Stress,
\o. OF pounds psi (1 ' pounds psi
1 -423 6, 600 (H) 181, ;rI0
? -423 7, 080 (H) 194,700
3 -423 7, 020 (H) 193, 000
4 70 3,000 82, 500 5,400 (_1) 14e. 474
5 70 4,000 110,000 5,450 (T) 149,849
6 70 3,0150 101"600 5, 150 (H) 141,600
7 1200 4, 050 (H) 111, 500
8 1200 4, OOC (H) 110,000
1200 4, 075 (H) 112,200
"As Cvcled"
70°F to -423°F to 70 °F - cycling tests not conducted
70°F to 1200 0 E to 70'F
10 70 2,750 75,600 , 000 (H) i37, 500
11 70 2; 500 68, 700 4, 700 (H) 129, 200
12 70 2, 850 78,400 4,700 (H) 120/,200
''As Relaxed - 50 Hours..
13 70 1, 700 46, 700 5, 100 (i) 140, 200
14 70 1,500 41,200 5,400 (H) 148, 500
15 70 1, 500 41,200 4, 850 (H) 133, 400
(1)	 Stress calculated at tensile stress area of . 03637 square inches.
(H)	 Head Failure
(T)	 Thread Failure
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TABLE XXXIX (continued)
Part No. HT 4078-8-42
7	 ^q}laar -
''As Received"
Test Tert,a, Uit.	 Loac,,
O F pounds
-423 15,800
-423 ?4,7100
-423 15,00
70 11,200
70 11,200
70 11,2()0
1200	 7,400
1200	 7,550
1200	 7,400
''As Cycled"
Test
No.
16
17
-8
19
20
21
22
23
24
Ult. Stress,(3)psi ^^
166, 900
149, 70
152, 8()0
118,934
118,934
118,93-1
75,400
76, 900
75,400
108, 200
110, 000
i0(), 200
70 ` r to -423°F to 70°F - cycling tests not conducted
70°F to 1200°F to 70°F
25	 70	 10,620
26	 70	 10,800
27	 70	 10,720
''As Relaxed - 50 Hours''
28	 70	 12,000	 122 200
29	 70	 11,600	 118, 20C.
30	 70	 11,700	 119,200
(2) Stress calculated at twice nominal diameter area, .09817 square inches.
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T A BLE XXXiX (continued)
Part 1o. H, :078-8-42
3. Str ess R ,_ laxation (d 1200° F -
initial Preload - 100, 000 psi
Test Hours Residual Stress
U. Run Pounds	 PSI (1)
31 10, 1, 150	 31,600
3? 10 1, 300	 35, 700
33 10 1, 650	 4 5, 500
34 50 1,700	 46, 700
35 50 1, 300	 41,200
30 50 1, 500	 41,200
4. Vibration - A-1-MA = 10 -
installation Breakoff
`Kest Torque Torque \o. of Degrees IOX Nlag.
`:u. inch-pounds inch-pounds C.-c les Movemen t V is ial Irsp _ r1emarI
37 30 120 30,000 0 No cracks Passe4
38 28 120 30, 000 0 \o cracks Passe
39 18 120 30, 0!'0 0 Xo cr:,.cks Passe(
40 22 1	 0 30,000 20 10 cracks Pas -.e(
41 16 120 30,000 0 \o cracks Passe(
(1) St-ress caiclilated at tensile stress area of .03637 sci-iare inches.
334
TABLE XL
SUMMARY OF' F F.SU LTS
K 10 Jo Bolts
Niatorials - AI-S! 4130 - PP 200
A-286	 PP 200A
Tes-	 lilt. `,ren` --th (ksi) (1)	 Shear Strength (ksi)
Temp.	 -
4130 A-286 4130 A -2.86
-423°F'	 109. ; 157. 1 73. 2 138. 5
122.6 147.7 89. 1 141.7
135. 1 165. 1 89. 0 158.8
70°F	 101.5 95.0 83.6 83.6
93.8 96.0 84.7 83. 1
114.3 91. 3 8'-.8 83. 2
Max.-15J`F 1200°F 150°F 1200°F
77.8 80.0 79.6 57.7
74.5 65.0 70.4 60.5
76.0 05.0 75.0 02. 1
(1) Stress calculated at tensile stress area of . 01999 square inches.
(2) Stress calculated at twice nominal diameter area, . 06283 square inches.
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TABLE X LI
MECHANICAL PROPERTIES
Part Ito. PP 200-1b Bolt & Nut Material AISI 4130 - Sleeve Material 303 S/S
Size # 10 x 1. 0"
1	 TansilP -
Test	 Test Temp,
No. OF
1 -423
2 -423
3 -423
4 70
5 70
6 70
7 450
8 450
9 450
"As Received"
	
Preload,	 Preload,
	
pounds	 psi(1)
Ult. Load,
Rounds
2, 180
2,450
2,700
L, 090
1, 87S+
2,285
1, 535
1,490
1,520
Ult. Stress,
psi
109, 100 (T)
122, 600 (T)
135, 100 (T)
104, 552 (T)
93, 797 (NT.
114, 307 (T)
76. 800
74,500
76,000
	
1,000
	 50,025
	
950	 47,524
	
700
	 35,018
"As Cycled"
70°F to -423°F to 70°F - cycling tests not conducted
70°F to 450°F to 70°F
10 70 550 27,500	 2, 3L5
11 70 900 45, 00G	 1,910
12 70 975 48,800	 2, 120
116, 300 (T)
98, 500 (NT. 5
106, 000 (T)
(1) Stress calculated at tensile stress area of . 01999 square inches.
(T) Thread i ailure
(N. S. ) Nut Stripped
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TABLE XL-'- (continued)
Part No. PP 200- 16
2. Double Shear -
''As Received''
Test Test Temp, Ult.	 Load, Ult.	 Stress,
No. OF pounds psi (2)
13 -423 4,600 73,200
14 -423 5,600 89, 100
15 -423 5,600 89, 100
16 70 5, 250 83,600
17 70 5, 320 84,700
18 70 5, 330 84,800
19 450 5,000 79,600
20 430 4,425 70,400
21 450 4,750 75,600
''As Cycled''
70°F to -423°F to i0°F - cycling tests not conducted
70°F to 450°F to 70°F
22	 70	 5,680	 90,400
23	 70	 5, 250	 83,700
24	 70	 5, 330	 84,000
(2) Stress calculated at twice nominal diameter area, . 06283 square inches.
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TA 3 i,.E X LII
MECHANICAL PROPERTIES
Part No. PP 200A-16 Bolt & Nut Material A-286, Rc 30
Sleeve Material A-286 (Solution Treated)
Size #10
1. Tensile -
"As Received"
Test Test Temp, Preload, Preload, Ult.	 Load, Ult. Stress,
No. OF pounds psi (1) pounds psi
1 -423 3, 140 157, 100 (T)
2 -423 2,950 147, 600 (T)
3 -423 3, 300 165, 100 (T)
4 70 800 40,000 i, 900 ` ` , 000 (N. S.)
5 70 700 35,000 1,920 96, 000 (T)
6 70 725 36,300 1,825 91, 300 (N. S.)
7 1200 1,600 80, 000 (T)
8 1200 1, 300 65, 000 (T)
9 1200 1,300 65, 000 (T)
"As Cycled"
70°F to -423°F to 70°F cycling tests not conducted
70°F to 1200°F to 70°F
10 70 1200 60,000 2,250 112, 600 (T)
11 70 1100 55,000 2,225 111, 300 (T)
12 70 900 45,000 2, 275 113, 800 (T)
"As Relaxed - 50 hours"
13 70 1000 50,000 2, 100 105, 100
14 70 950 47,500 2, 310 !15,600 
15 70 1000 50,000 2, 370 118,000
(1)	 Stress calculated at tensile stress area of .01999 square inches.
(T)	 Thread Failure
(N. S. ) Ttut Sheared
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TABLE XLII (continued)
Part No. PP 200A-16
2. Double Shear -
"As Received"
Test Test Temp, Ult.	 Load, Ult.	 Stress,
No. OF pounds psi (2)
16 -423 8,700 138,500
17 -423 8,900 141,700
18 -423 9,600 152, 800
19 70 5,250 83,600
20 70 5,220 83, 100
21 70 5,230 83,200
22 1200 3,625 57,700
23 1200 3, 800 60,500
24 1200 3,900 62, 100
"As Cycled"
70°F to -423°F to 70°F - cycling tests not conducted
70 0 ` to 1200° F to 70°F
1^5
	
70	 5, 320	 84,700
26	 70	 5,460	 86,900
27	 70	 5,540	 89,600
"As Relaxed - 50 hours"
28	 70	 5, 550	 88, 300
29	 70	 5,680	 90,400
30	 70	 5,620	 89,400
(2) Stress calculated at twice nominal diameter area, . 06283 square inches.
TABLE XLII (continued)
Part No. PP 200A- l6
3. Stress Relaxation @ 1200 ° F -
Initial Preload - 37, 000 psi
Test Hours k.esidual Stress
No. Run Pounds	 PSI (1)
31 10 450	 27,500
32 10 500	 25,000
33 10 650	 32, 500
34 5G 1,000	 50,000
35 50 950	 47, 500
36 50 1,000	 50,000
(1) Stress calculated at tensile stress area of . 01999 square inches.
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APPENDIX IV
TEST RESULTS
RIVETS - PHASE II
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-TABLE XLIV
MECHAN1C;AiL-PROPERTIE 'S
Fart No. CR- 2162-4	 Aluminum; 2017-T4 - '=_Material
dRivet, " b7	 _Ste	 -^---
Size 1 /8 x 1/4" Grip -
1.	 Tensile —
Test Test"Temp,	 _U3t	 -Lssad,	 _ Lac_ati r 	 -
No. F - ^ounc3s
^^
^t Fa^^u^^	 ^	 ,
-423 670	 - - Blind header
2 -423
„
58(J.
3 -423
-	
116`0 rr	 ► _	 r1-
-=
4 70 26'0 Blind head f^
5 70 252 ii
6 70 2:32 r ^	 =	
=	
.^	 „_
7 250 262 Blind head failure << 	 _
8 250 22$
9 250 232 it	 n	 rr	 -
"As Cycled 12 Times"
70° F to -423 ° 5' to 70* .F -- cycling tests not conducted
70° F to 250° F to 70° F
10 70- 310 Blind head failure
11 70 285 It
12 70 280
xhx 343Rr
TABLE XLIV (continued)
Dart No. CR-2162-4
2. Single Shear
"_As Received"
est Test Temp, Ult. Load,
No. ° F p-)unds
13 -423 910
14 -423 880
15 -423 900
16 70 500
17 70 500
18 70 500
19 250 480
20 250 490
21 250 488
"As Cycled 12 Times"
70° F to -4Z3° F to 70° F - cycling tests not conducted
70° F to 250° F to 70° F
Ult. Stress,
Psi (1'
74, 200
71,700
73,300
40,700
40,700
40,700
39,100
39,900
39,800
22	 70	 570	 46,500
23	 70	 576	 46,900
24	 70	 590	 48, 100
(1) Stress calculated at nominal diameter area of .01227 square inches.
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TABLE XLIV (continued)
Part No. CR-2162-4
3. Stern Retention -
"As Received"
	
Test	 Test Temp,	 Push- Out
	
No.
	
OF
	
Load, pounds
	
25	 70	 60
	
26	 70	 64
	
27	 70	 105
"As Cycled 12 Times"
70° F to -423° F to 70° F - cycling tests not conducted
70° F to 250° F to 70° F
28 70 146
^ 9 70 174
30 70 190
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TABLE XLV
MECHANICAL PROPERTIES
Part No. CR-2162-5 Material Aluminum; 20i7-T,-. - Rivet, 7075 - Stern
Size 5,32 1 3/8" Grip
1. Tensile -
"As Received"
Test Test Temp, UIt.	 Load, Location
No. 'F pounds of Failure
1 -423 1,320 Elind head failure
2 -423 1,160
3 -423 920
4 70 432 Blind head failure
5 70 400
6 70 422
7 250 400 Blind head failure
8 250 475
9 250 434
"As C ycled 12 Times
70°F to -423°F to 70°F - cycling tests not conducted
70°F to 250 ` F to 70'F
10	 70	 435	 Blind 'head failure
11	 70	 "30
12	 70	 X10
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TABLE XLV (continued)
Part No. CSR- 2162- 5
2. Single Shear -
"As Received"
Test Test Temp, Ult. Load, Ult. Stress,
No. OF pounds psi (1)
13 -423 1,390 72,500
14 -423 1,400 73,000
15 -423 1, 390 72,500
16 70 828 43,200
17 70 832 43,400
18 70 836 43,600
19 250 745 38,900
L0 250 730 38,100
21 '50 725 37,800
"As Cycled 12 Times"
70'F to -423° F to 70° F - cyciing tests not conducted
70° F tc 250' F to 70° F
22 70 840 43,800
23 70 842 43,900
24 70 825 43, 100
(1) Stress calculated at nominal diameter area of .01916 square inches.
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TABLE XLV (continued)
Part No. CR-2162-5
3. Stem Retention -
"As Received"
	
Test	 Test Temp,	 Push-Out
	
No.
	
OF	 Load, pounds
	
25	 70	 240
	26	 70	 220
	
27	 70	 280
"As Cycled 12 Times"
70° F to -423° F to 70° F - cyclitig tests not conducted
70° F to 250° F to 70° F
28 70 450
29 70 320
30 70 360
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TABLE XLVI
MECHANICAL PROPERTIES
Part No. CR-2162-6 Material Aluminum; 2017-T4-Rivet, 7075 - Stem
Size 3!16 x 3/8" Grip
1. Tensile -
"As Received"
Test Test Temp,	 Ult. Load, Location
No. OF pounds of Failure
1 -423 1,420 Blind 'head failure
2 -423 1,400 11 	 "
3 -423 1,000 If 	 It
4 70 620 Blind head failure
5 70 630 It	 it	 It
6 70 700 if 	 It
7 250 730 Blind head failure
8 250 650 It	 it	 It
9 250 695 It	 It	 it
"As Cycled 12 Times"
70°F to -423°F to 70°F - cycling tests not conducted
70°F to 250°F to 70°F
10 70 750 Blind head failure
11 70 790 11it
12 70 700 if
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TABLE: XLVI (continued)
Part No. CR-2162-6
2. Single Shear -
"As Received"
Test Test Temp, Ult . Load,
No. OF pounds
13 -423 2000
14 -423 1980
15 -423 2200
16 70 1300
17 70 14?.0
18 70 1240
19	 250	 1100
20	 250	 1120
21	 250	 1150
"As Cycled i2 Times"
70° F to -423° F to 70° F - cycling tests not conducted
70° F to 250° F to 70° F
Ult. Stress,
psi (1)
72,500
71,700
79,700
47, 100
51,400
44,900
39,900
40,600
41,700
22	 70	 1180	 42,800
23	 70	 1220	 44, 200
24	 70	 1300	 47,100
(1) Stress calculated at nominal diameter area of .02760 square inches.
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TABLE XLVI (continued)
Part No. CR-2162-6
3. Stem Retention -
"As Received"
Test	 Test Temp,	 Push-Out
No.	
_
 OF	 Load, pounds
25	 70	 340
26	 70	 400
27	 70	 320
"As Cycled 12 Times"
70° F to -423° F to 70° F - cycling tests not conducted
70° F to 250° F to 70° F
28	 70	 780
29	 70	 790
30	 70	 640
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TABLE XLVII
MECHANICAL PROPERTIES
Part No. CR-2662-4 Material A-286; AMS 5735 - Rivet, AMS 5736 - Stem
Size 1/8 x 1/4" Grip
1. Tensile -
"As Received"
Test Test Temp, Ult.	 Load, T -cation
No. OF pounds U.L -	 lure
1 -423 1200 Blind head failure
2 -423 1300 " 11"
3 -423 1000 "
4 70 740 Manufactured head failure
5 70 760 Blind head failur _.
6 70 800 "	 11
7 1200 545 Blind head failure
8 1200 617 it	 it	 "
9' 1200 612 It	 it	 "
"As Cycled 12 Times"
70°F to -423°F to 70 * F - cycling tests not conducted
70°F to 1200°F to 70°F
10	 70	 930
	 Manufactured head failure
11	 70	 960
12	 70	 946
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TABLE XLVII (continued)
Part No. CR-2662-4
2. Single Shear -
"As Received"
Test Test Temp,	 Ult. Load, Ult. Stress,
No. OF pounds psi (1)
13 -423 1770 144,500
14 -423 1800 147,000
15 -423 1700 138,500
:6 70 1040 84,800
17 70 1070 87,200
18 70 1020 83,100
19 1200 730 59,500
20 1200 730 59,500
21 1200 810 66,000
"As Cycled 12 Times"
70° F to -423° F to 70° F - cycling tests not conducted
70° F to 1200° .F to 70* .F
22 70 1290 105,100
23 70 1240 101,100
24 70 1260 102,700
(1)	 Stress calculated at nominal diameter area of .01227 square inches.
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TABLE XLVII (continued)
Part No. CR-2662-4
3. Stem Retention -
"As Received"
Test Test Tema, Push-Out
No. _ 'OF Load,op unds
25 70 280
26 70 200
27 70 290
"As Cycled 12 Times"
70° F to -423° F to 70° F - cycling tests not conducted
70° F to 1200° F to 70° F
28	 70	 670
29	 70	 620
30	 70	 690
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TABLE XLVIII
MECHANICAL PROPERTIES
Part No. CR-2662-5 Material. A-286; AMS 5735 - rivet, AMS 5736- Stem
Size 5/32 x 3/8" Grip
1. Tensile --
"As Received"
Test Test Temp,	 Ult. Load,
No. OF pounds
1 -423 1960
2 -423 1820
3 -423 2500
4 70 1200
5 70 1100
6 70 1260
7 1200 943
8 1200 1030
9 1200 960
"As C ycled 12 Times"
70°F to -423°F to 70°F - cycling tests not conducted
70°F to 1200°F to 70°F
10 70 1735
11 70 1700
12 70 1690
Location
of Failure
Blind head failure
Blind head failure
Blind head failure
11	 it	 II
If	 11	 11
Manufactured head failure
it
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TABLE XLVIII (continued)
Part No. CR-2662-5
2. Single Shear -
"As Received"
Test Test Temp, Ult. Load, Ult. Stress,
No. OF pounds psi (1)
13 -423 2940 153,500
14 -423 2840 148,000
15 -423 2800 146,200
16 70 1620 84,600
17 70 1640 85,600
18 70 1980 103,300
19 1200 1200 62,600
20 1200 1210 63, 2013
21 1200 1250 65,200
"_As Cycled 12 Times"
70• F to -423° F to 70` F - rycliug tests not conducted
70° F to 1200° F to 70° F
22 70 2025 10-5, 700
23 70 2000 104,400
24 70 1980 103,300
(1) Stress calculated at nomiral diameter area of .01916 square inches.
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TABLE XLVIII (continued)
Part No. CR- 2662- 5
3. Stem Retention -
"As Received"
	
Test	 Test Temp,	 Push- Ou`.
	
No.	 ° F	 Load, pounds
	
25	 70	 380
	
26	 70	 400
	
27	 70	 340
"As Circled 12 Times"
70* J' to -423°F to 70° F - cycling tests not conducted.
7G° F to 1200° F to 70° F
28 70 800
29 70 1000
30 70 1100
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TABLE XLIX
MECHANICAL PROPERTIES
Part No. CR-2662-6 Material A-286; AMS 5735 - Rivet, AMS 5736 - Stem,
Size 3/16  x 3/8"  Grin
1. Tensile -
"As Received"
Test Test Temp, Ult. Load, -	 Location
No. OF pounds of Fa= lure
1 -423 2.600 Blinc: head failure
2 -423 2200 "	 .1
3 -423 2400 '	 TV
4 70 1540 Blind head failure
5 70 1420
6 70 1840
7 120v 1290 Blind head failure
8 1200 1--340 '1 	 "
9 1200 1210 <<	 ,t	 17
"As Cycled 12 Times"
70° F to -123° 0 to 70° F - cycling to-ts not conducted
70"F to 1200"F to 70-F
10 70 2100 Manufactured bead failure
11 70 2250 Blind head failure
12 70 2.100 Manufactured head failure
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TABLE XLIX (continued)
Part No. CR-2662-6
2. Single Shear -
"As Received"
Test Test Temp, Ult. Load,
No. OF pounds
13 -423 4050
14 -423 3960
15 -423 3790
16 70 2460
17 70 2440
18 70 242P
19 1200 1800
20 1200 1780
2i 1200 1830
"As Cycled 12 Times'-
70° F to -423 0 F to 70° F - cycling tests not conducted
70° F to 1200° F to 70° F
Ult. Stress,
psi (1)
147,000
143,500
137,500
89,100
88,400
87,700
65, 200
64,500
66,300
22	 70	 2950	 106,900
23	 70	 2880	 104,300
24	 70	 2980	 108,000
(1) Stress calculated at nominal diameter area of .02760 square inches.
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TABLE XLIX (continued)
Part No. CR-2662-6
3. Stem Retention -
"As Received"
	
Test	 Test Temp,	 Push- Out
	
No.	 ° F	 .road, pounds
	
25	 70	 520
	
26	 70	 500
	
27	 70	 580
"As Cycled 12 Times"
70° F to -423° F to 70° F - cycling tests not conducted
70° F to 1200° F to 70° F
28 70 1400
29 70 1850
30 70 1950
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TABLE L
SUMMARY OF RESULTS
Solid Rivets per MS 20426
Materials - Al 2024-T4 & Pure Ti
Test
Temp.	 Ultimate Strength- Lbs. 	 Shear Strength-Lbs.
Al 2024-T4 Pure Ti Al 2024-T4 Pure Ti
1/8 3116
_
1/8 3/16 1/8 3/16 1/8 3/16
-423°F	 1180 1800 720 1150 920 2420 1700 3870
1100 1880 880 1100 1000 2500 1750 4160
1080 1790 850 800 930 2600 1600 3720
70°F	 660 1400 1340 2990 500 1300 1200 2620
600 1360 1270 2900 500 1280 1240 2640
660 1300 1360 2710 500 1240 1220 2490
Max.	 250°F 500°F 250°F 500°F
705 1620 950 1700 50C 1280 860 1600
688 1500 970 1900 510 1300 780 1550
685 1550 952 1700 500 1280 780 1600
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TABLE LI
MECHANICAL PROPERTIES
Part No. MS 20426 Material Aluminum 2024-T4
Size 1/8 x 1/4 11 Grip
1 _ TPnsilP _
"As Received"
Test Test Temp, Ult. Load,
No. OF pounds
1 -423 1180
2 -423 1100
3 -423 1080
4 70 660
5 70 600
6 70 660
	7	 250	 705
	
8	 250	 688
	
9	 250	 685
"As Cycled 12 Times"
70°F to -423°F to 70°F - cycling tests not conducted
70°F to 250°F to 70°F
	
10	 70	 800
	
11	 70	 800
	
12	 70	 800
Location
of Failure
Manufactured head failure
If	 it
if	 it
Manufactured head failure
If
}1	 II	 tl
Manufactured head failure
Manufactured head fa = lure
it	 11
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TABLE LI (continued)
Part No. MS 20426 1/8 Aluminum
2. Single Shear -
"As Received"
Test Test Temp,	 Ult. Load, Ult. Stress,
No. ° F pounds psi (1)
13 -423 920 75,000
14 -423 1000 81,500
15 -423 930 75,700
16 70 500 40,800
17 70 500 40,800
18 70 500 40,800
19 250 500 40,800
20 250 510 41,600
21 250 500 40,800
"As Cycled 12 Times"
70° F to -423° F to 70° F - cycling tests not conducted
70° F to 250° F to 70° F
22 70 440 35,900
23 70 460 37,500
24 70 420 34,200
(1)	 Stress calculated at nominal diameter area of .01227 square inches.
363
TABLE III
MECHANICAL PROPERTIES
Part No MS 20426 Material Aluminum 2024-T4
Size 3/16  x 3/8"  Grip
1. Tensile -
"As Received"
Test Test Temp,	 Ult. Load, Location
No. `F pounds of Failure
1 -423 1800 Manufactured head failure
2 -423 1880 11 	 It
3 -423 1790 itit
4 70 1400 Manufactured head failure
5 70 1360 "	 "	 "
6 70 1300 "	 It
7 250 1620 Manufactured head failure
8 250 1500 it	 "	 "
9 250 1550
"As Cycled 12 Times"
70 ° F to -42 3 ° F to 70 ° F - cycling tests not conducted
70°F to 250°F to 70°F
10 70 1600 Manufactured here. failure
11 70 1600 it"	 "
12 70 1540 it	 It
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TABLE LII (continued)
Part No. MS 20426 3/16  Aluminum
2. Single Shear -
"As Received"
Test Tes` Temp, Ult. Load, Ult. Str ess,
No. OF pounds psi (1+
13 -42,3 2420 87,700
14 -423 2500 90,500
15 -423 2600 94,200
16 70 1300 47,100
17 70 1280 46,400
18 70 1240 44,900
19 250 1280 46,4C0
20 x.50 1300 47, 100
21 250 1280 46,400
"As Cycled IZ. Times"
70° F to -423° F to 70° F - cycling test ,- not conducted
70° F to 250° F to "+ 0° F
22 70 1300 47, 100
Z3 70 1280 46,400
24 70 1240 44,900
(1) Stress calculpted at nominal diameter area of .02760 square inches.
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TABLE LIII
MECHANICAL PROPERTIES
Part No. MS 20426 Material - Pure Titanium
Size 1/8 x 1/4 11 Grip
1. Tensile -
"As Re z eived"
Test Test Temp,	 Ult. Load,
No OF pounds
—
1 -423 720
2 -423 880
3 -423 850
4 70 1340
5 70 1270
6 70 X360
7 500 950
8 500 970
9 500 952
"As Cycled 12 Times"
70°F to -423°F to 70°F - cycling tests not conductec
70°F to 500°F to 70°F
10 70 1570
11 70 1520
12 70 1480
I ocaLion
of Failure
Manufactured head failure
it
	
,I	 „
it
	 „	 If
Manufactured head failure
Manufactured head failure
Manufactured head failure
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TABLE LIII (continued)
Part No. MS 20426 1/8  Pure Titanium
2. Single Shear -
"As Received"
Test Test Temp, Ult. Load, Ult. Stress,
No. OF pounds psi (1)
13 -423 1700 138,500
14 -423 1750 143,000
15 -423 1600 130,500
16 70 1200 97,800
17 70 1240 101, 100
18 70 1220 99,400
19 500 863 70,300
20 500 784 63, 900
21 500 772 62,900
"As Cycled 12 Tirries"
70°F to ^423°F to 70°F - cycling tests not conducted
70° F to 500° F to 70° F
22	 70	 1300	 105,900
23	 70	 1240	 101, 100
24	 70	 1140	 92,900
(1) Stress calculated at nominal diameter area of .01227 square inches.
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TABLE LIV
MECHANICAL PROPERTIES
Part No. MS 20426 Materia:-Pure Titanium
Size 3/16 x 3/3" Grit:
1. •j ensile -
"As Received"
Test	 Test Temp,	 Lilt. Load,
No.	 OF	 pounds
1	 -423	 1150
2	 -423	 1100
3	 -423	 800
Location
of Failure
Manufactured head failure
it	 it
11	 It	 If
	4	 70	 2990	 Manufactured head failure
	
5	 70	 2980	 It	 If	 ![
	6	 70	 2710	 it	 if	 „
	7	 500	 1700	 Body failure
	
E	 500	 1900
	
9	 501)	 1700
"As Cycled 12 Times"
70°F to -•'123°F to 70'F- cycling tests not conducted
70 ° F to 500 ° F to 70-F
	
10	 70	 3025
	
Manufactured head failure
	
11	 70	 2990	 11	 If"
	12	 70	 2780	 it	 If"
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TABLE LIV (continued)
Part No, MS 20426 3/16  Pure Titanium
2. Single Shea-
"As Received"
Test T e st T erne,	 Ult. Load,
No. *F pounds
13 -423 319870
14 -423 4,160
15 -423 3, 720
16 70 2,620
17 70 2, 640
18 70 2,490
19 500 1,600
20 50G 1,550
21 500 1,600
"As Cycle.: 12 Times"
70° F to -423° F to 70° F - cycling tests not conducted
70° F to 500° F to 70° F
Ult. Stress,
vsi (1)
140,000
151,000
135,000
94,900
95,700
90,200
58,000
56,200
58,000
22	 70	 2,980	 108,000
23	 70	 2,900	 105, 100
24	 70	 2,803	 101,400
(1) Stress calculated at nominal diameter area of .02760 square inches.
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APPENDIX V
TEST RESULTS
POTENTIAL HIGH STRENGTH
FASTENER MATERIALS - PHASE IV
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TABLE LV
SUMMARY OF RESULTS
MATERIALS - PHASE IV
MATERIAL PROPERTIES
Ultimate Tensile a!rength - KSI
w
n o
^	 o	 o:
u	 UoTest _^ ;' vo : 2 „r
Temp. H -^ P .$ r > 
I
N 3
-423' F 350.5 290.0 ?79.2 400.0 312.0
306.5 275.0 276.0 425.0 316.0
183.3 274.0 278.0 396.5 318.6
70'F 222.3 190.0 202.5 283.2 227.9
1
213.1 192.5 202.0 281.3 226.0
218.7 195.9 200.0 283.5 230.5
300' F 1200'F 1200' F 900'F 1400' F
Max_ 193.6 145.0 164.7 199.0 154.5
184.3 148.0 162.7 190.1 167.0
193.8 146.0 166.0 193.4 164.7
2qi^ Offset) Yield - KSI
W
'^
>
o
d
m
=N
v 
cc
u U P
ht
N- .5ti
°
>I N3
N.Y. 191.0 206.0 363.0 242.5
N.Y. 187.5 205.0 392.0 255.0
N. Y. 168.5 220.0 364.0 281.0
218.7 151.0 172.5 270.4 207.0
212.6 149.0 167.5 276.0 202.0
216.6 153.0 Z70.0 202.0
300'F 1200' F 1200' F 900' F 1400' F
189.4 121.0 144.1 19Z.7 152.0
182.2 123.1 137.Z 184.4 163.4
186.2 122.5 141.0 189.7 152.6
Test
Temp.
-4230F
70' F
Max
Elongation - X Reduction of Area - 9:
o
4.
°
a
n
> o
°1
`^ > M xo
<
u
°
`^	 w°
U a
r °
m
-.	 oeV	 °
C	 •
U a
w K
> , N. F -^ 7	 r	 > C-3
I
s 24.0 20.0 8.0 16.0 s 41.0 25.2 35.8 28.0
• ZZ.0 20.0 7.0 20.0 s 35.0 31.0 30.5 29.5
• 24.0 22.0 7.0 14.0 s 40.0 29.0 34.0 31.0
IZ.0 18.0 18.0 1.2.0 8.0 46.8 40.3 37.9 54.0 ZI.S
8.0 18.0 Z0.0 13.0 12.0 17.1 40.3 39.4 51.9 28.0
12.0 18.0 18.0 12.0 10.0 44.0 35.4 39.3 53.1 24.0
300'F 1200' F 1200' F 900'F 1400' F 300' F 120Q' F 1200-F 900•
 F 1400-F
18.0 24.0 16.0 13.0 6.0 60.5 46.0 23.1 62.5 12.0
18.0 22.0 26.0 13.0 6.0 62.5 38.9 43.2 62.5 9.0
16.0 20.0 20.0 12.0 8.0	 I 54.0 •12.0 40.8 58.5 9.0
V-Notch Properties (Kt 8)
Test
Temp.
Ti-185
KSI
	 Ratio
U-212
KSI	 Ratio
In: o 718
KSI Ratio
VM 30:
KSI	 Ratio
-
25%C. R. Wasp.
-423' F 68.6 .14 299.5 1.07 297.1 1.07 Z56.4 .63 340.0 1.08
70.7 .25 309.5 LIZ 299.1 1.08 255.4 .63 350.0 1.11
64.0 .23 309.5 1.12 296.6 1.06 297.0 .7t 337.0 1.07
70-F 240.4 1.12 246.4 1.28 260.3 1.28 3x7.8 1.37 308.0 1.35
236.'; 1.08 245.7 1.27 263.9 1.30 375.0 1.33 304.0 1.33
239.6 1.10 246.9 1.28 261.1 1.29 378.7 1.34 317..0 1.37
300' F 1200' F 1200•
 F 900' F 14000F
Max. 252.0 1.32 140.7 1.30 218.0 1.33 291.0 1.48 164.5 I.02
250.7 1.31 195.9 1.34 21:.0 1.31 292.9 1.49 150.0 .93
250.3 1.31 20P.0 1.22 296.1 1.50 148.0 .91
*Fractured Outside Gale
372
TABLE LVI
SUMMARY OF RESULTS
BOLTS - PHASE IV
BOLT PROPERTIES
Test
Temp.
- 423' F
700 F
Max.
Ultimate Tensile Strength - KSI
9
W
Ln
>	 O
'I	 o	 vx	 U^
E+^	
v^	 m's	 t
111.9	 ?.23.8
	 225.5
	
327.7
	 307.
160.8	 226.8
	
227.1	 366.3
	
304.4
162.2	 225.5
	
233.2	 354.0	 313.4
221.3	 187.0 - 198.0	 272.3
	
242.0
221.3
	 189.7	 200.2	 ?82.2	 236.5
229.5	 188.3
	
156.0	 280.9	 244.7
300• F 1200•
 F 1200• F 9000 F 1400• F
20 . 2 1 0.0 189.7 193.1 1ST
213.0	 157.0	 192.4
	
185.6	 167.7
213.0	 154.0
	
192.4
	 183.2	 172.0
Johnson's *:'13 Approx.
Yield Strength - KSI
0
W
N
'	 °o	 aGMo	 ci.
N	
u^	 A	 U A
N.Y. 178.7 215.8 281.6 244.7
N.Y. 173.2 222.7 346.5 240.6
N.Y. 161.5 222.7 340.3 247.5
213.0 132.0 160.8 241.3 178.0
214.4 140.2 173.9 252.5 115.4
221.3 141.6 178.7 247.5 178.7
3000
 F 12000 F 1200° F 9000 F 1400° F
196.5 135.0 161.5 180.7 161.5
203.4 138.0 162.2 172.6 144.4
205.2 138.0 163.5 175.7 155.0
Shear Strength - KSI
Test
Ter_ip.	 Ti-185
	
U-212	 Inco 718	 VM 300	 25%Wasp.
-423' F 94.0 168.1 169.1 142.6 174.0
118.5 166.0 173.2 127.3 169.0
114.5 163.0 147.7 152.8 174.5
700
 F 134.5 132.4 137.5 167.1 127.3
135.5 132.4 138.5 168.1 127.3
134.5 132.4 138.5 167.1
300° F 12"O F 1200° F 900° F 1400° F
Max. 105.9 90.7 105.9 116.1 104.4
115.1 92.2 106.4 112.1 93.0
115.1 95.8 104.9 114.1 96.8
N.Y. =No Yield
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TABLE LVII
MECHANICAL PROPERTIES
Part No. EWB T20-4-38 Material Ti 1 A1-8V-5Fe (200 ksi)
Size 1 /4-Z8 x 2. 862
1.	 Tensile - Base Material Properties
(As Received)
. 113 Specimens
Elong .
Test Test Temp, Ult. Stress, Yield Stress,	 Gage, .5 in.	 Red. of Area,
No. OF psi _ psi % 
_
%u
1 -423 350,500 No Yield Fracture occurred
2 -423 306,500 No Yield outside gage
3 -423 183,300 No Yield
4 -320 294, 700 No Yield No ductility
5 -320 175,800 No Yield No ductility
6 -320 144,300 No Yield No ductility
7 70 222, 300 218, 700 12.0 46.8
8 70 213, 10 ' 212, 600 8.0 17.1
9 70 2 i8, 700 216,600 12. 0 44.0
10 300 193,600 189,400 18.0 60.5
11 300 134,300 182, 200 18.0 62.5
12 300 193,800 186,200 16.0 54.0
V-Notch Properties
(Kt 8)
Test Test Temp, Ultimate Load,	 Ult. Stress Notch-to- Smooth
No. OF pounds psi _ Tensile Ratio
13 -423 1,700 68,600 0.24
14 -423 1,730 70,700 0.25
15 -423 1,600 64,000 0.23
16 -320 1,700 72,300 0.35
17 -320 1,700 72, 600 0.35
18 -320 2, 100 88,000 0.43
19 70 5,700 240,400 1. 24
v0 70 5, 630 236, 700 1.08
21 70 5,760 239,600 1.10
^2 300 6,200 Z52, OGO 1. 32
23 300 6, 100 250, 700 1.31
24 300 6,300 250,300 1.31
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TABLE LVII (continued)
Part No. EWB T20-4-38
1. Tensile (continued) -
Bolt Properties '.4
(As Received)
Test Test Temp, Ult.	 Load,	 Ult. Stress, Yield Load, Yield
No. OF pounds psi(1) pounds Stress, p:
25 -423 4, 070 111,900 No vie'_d
26 -423 5,850 160,800 No yield
27 -423 5,900 162,200 No yield
28 -?20 5,500 151,200 No yield
29 -320 5,400 148,500 No yield
30 -320 4,950 136, 100 No yield
3 1 70 8,050 221,300 7,750 213,000
=.2 70. 8,050 221,300 7,800 214,400
33 70 8,350 229,500 8,050 221,300
34 300 7,500 206,200 7, 150 196,500
35 300 7,750 213,000 7,400 203,400
36 300 7,750 213,000 7,500 206,200
2. Double Shear -
As Received
Test Test Temp, Ult. Load, Ult. Stress,
No. OF pounds psi(2)
37 -423 9,200 94.000
38 -423 11,600 11u, 50C
39 -423 11,200 114, 500
40 70 13, 200 134,500
41 70 13,300 135,500
42 70 13,200 i34, 500
43 300 10,400 105,900
44 300 11,300 115, 100
45 300 11,300 115, 100
*'Tested with nut slugs of the same material and heat treatment.
(1) Stress calculated at Tensile Stress Area of .03637 square inches.
(2) Stress calculated at twice nominal dia. area, .09817 square inches.
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TABLE LVII (continued)
Part No. EWB T20-4-38
3. Stress Rupture-"
Test Test Temp, Load, Load Stress, Time,	 Location
No. OF _ psi( 1 ) Hrs.	 of Failure
46 300 7, 620 210,000 Failed Loading
47 300 7, 270 200,000 Failed Loading
48 300 6,900 190,000 188.0	 N. F.
4. Stress Pelaxation @ 300°F
Initial Preload 160, 000 psi
Test	 Hours Residual Stress
No.	 Run ounds i(l)ps
49	 1 5,520 151,700
10 5,520 151,700
50 5,420 149,000
50	 1 55,450 150,000
10 5.420 149,000
50 5,350 147, 100
5. Coefficient of Thermal Expansion
Coefficient of thermal expansion data is not available at the present time.
*Tested with rut slugs of the same material and heat treatment.
(1) Stress calculated at Tensile Stress Area of .03637 square inches.
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TABLE LVIII
MECHANICAL PROPERTIES
Part No. EWB 1615-4-38 Material-U-212 (180 ksi)
Size 1/4-Z8 x 2.860
1. Tensile -	 Base Material Properties
(As Received)
. L13 Specimens
Elong.
Test Test Temp, Ult. Stress,	 Yield Stress,	 Gage, .5 in.	 Red. of Are
No. OF psi psi % %
1 -423 280,000 191,000 24.0 41.0
2 -423 275,000 187,500 22.0 35.0
3 -423 274,000 168,500 24.0 40.0
4 70 190,000 151,000 18.0 40.3
5 70 192,500 149,000 18.0 40.3
6 70 195,900 153,000 18.0 35.4
7 1200 145,000 121,000 24.0 46.0
8 1200 148,400 123, 100 22.0 38.9
9 1200 146,000 122,500 20.0 42.0
V-Notch Properties
( Kt 8)
Test Test Temp, Ultimate Load,	 Ult. Stress Notch-to-Smoot
No. OF pounds psi Tensile Ratio
10 -423 7, 120 299, 500 1.07
11 -423 7, 180 309,500 1. 12
12 -423 7, 180 309,500 1. 12
13 70 5,830 246,400 1.28
14 70 5,740 245,700 1.27
15 70 5,800 246,900 1.28
16 1200 4,500 190, 700 1.30
17 1200 4,550 195, 900 1.34
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TABLE LVIII (continued)
Part No. EWB 1615-4 -38
1.	 Tensile (continued) -
Bolt Properties' (As Received)
Test Test Temp, Ult. Load, Ult. Stress, Yield toad, Yield
No. °F pounds psi(1) pounds - Stress, psi
18 -423 8, 140 Z33, 800 6, 500 178,700
19 -423 8,250 226,800 6,300 173,200
20 -423 8,200 1-25,500 6,600 181,500
21 70 6,800 187,000 4,800 132,000
22 70 6,900 189,700 5, 100 140,200
23 70 6,850 188,300 5, 1h0 141,600
24 1200 5,800 160,000 4,900 135,000
25 1200 5,700 157,000 5,000 138,000
26 1200 5,600 154,000 5,000 138,000
2. Double Shear
As Received
Test Test Temp, Ult. Load, Ult. Stress,
No. OF pounds psi(2)
27 - 423 16,500 168, 100
28 -423 i6, 300 166,000
29 -423 16,000 163,000
30 70 13, 000 132,400
31 70 13,000 132,400
32 70 13,000 132,400
33 1200 8,900 90,700
34 1200 9,050 92,200
35 1200 9,400 95,800
*Tested with nut slut s of the same material and heat treatment.
(1) Stress calculated at Tensile Stress Area of .03637 square inches.
(2) Stress calculated at twice nominal dia. area, . 09817 square inches.
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TABLE ?VIII (4:ontinued)
Part No. EWB 1615-4-38
3. Stress RuptU SL` -
Test Lest 'temp, Load, Load Stress, Thne, Location
No. _	 'F pounds _ psi( 1 )	 _ Hr s. of Failur<
? 6 1200 4,910 135,000 1.	 1 T
37 1200 4,910 135,000 1.	 l T
38 1200 4,546 125,000 10. 6 T
9 1200 4,546 125,000 39.3 T
40 i200 4,546 125,000 55.4 T
4. Stress Relaxation n 1200°F
Initial Preload 74, 000 psi
Test	 Hours Residual Stress
No.	 Run pounds
	 ;;i(1)
41	 1 2,480	 68, 200
10 2,320	 63,200
50 2, 100	 57,700
42	 1 2,350	 64,600
10 2,200	 60,500
50 1,850	 50,900
5.	 Ce?fficient of Thermal Expansion - (3)
Temperatare, °F Inches/Inch/°F X 106
200 9. 1
400 9.3
600 9.4
800 9.55
1,000 9.8
1,200 10. 1
1,400 10.55
= Tested with nut slugs of the same material and heat treatment.
(1) Stress calculated at Tensile Stress Area of .03637 square inches.
(3) Souce:	 JED - General Electric Matarial Property Data Book
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TABLE LIX
MECHANICAL PROPERTIES
Part No. EWB 22-4-34 Material i canel 718 (180 ksi)
Size 1/4-28 x 2.625
1.	 Tensile - Base Material Properties
(As Received)
. 113 Specimens
'long,
Test Test Terris, Ult. Stress,	 Yield Stress,	 Gage, .5 in.	 Feed. of Area,
No. ° F psi	 Sip % °k
1 -423 279, 200	 206,000 20.0 25.2
2 -423 278,000	 205,000 20.0 31.0
3 -423 278,000	 220,000 22.0 29.0
4 70 202,500	 172,500 18.0 37.9
5 70 202,000	 167,500 ?0.0 39.4
6 70 200,000	 -- 18.0 39.3
7 1200 164,700	 144,100 16.0 23. 1
8 1200 162,700	 137,200 26.0 43.2
9 1200 166, 000	 141,000 20.0 40.8
V-Notch Properties
(Kt 8)
Test Test Temp, Ultimate Load,	 Ult. Stress Notch-to-Smooth
No. OF pounds	 psi Tensile Ratio
10 -423 7, 100	 297,100 1.07
11 -42? 7.1000	 299,100 1.08
12 -4Z3 63940	 256,600 1.06
13 70 6, 080	 260,300 1.28
14 70 6, 150	 263,900 1.30
15 70 6, 070	 Z61, 100 1.29
16 1200 5, 125	 218, 900 1.33
17 1200 5.1050	 215,000 1.31
38 i200 41 700
	
200,000 1.28
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TABLE LIX (continued)
Part No. EWB 22-4-34
1. '"ensile (continued) -
Bolt Properties (As Received)
Test Test Temp, Ult. Load, Ult. Stress, Yield Load, Yield
No. OF pounds psi(l) pounds Stress,
19 •-423 8,200 225, 500 7,850 215, 8
20 -423 8,260 227, 100 8,100 222, 7
21 -423 8,480 233, 200 8,100 222,7
22 70 7,200 198,000 5,860 160,8
23 70 7, 280 200, 200 6, 325 173,9
24 70 7, 130 196,000 6,500 178, ?
25 1200 6,900 189,700 5,875 161,5
26 1200 7,000 192,400 5,900 162, 2
27 1200 -'000 192, 400 5,950 163,5
2. Double Shear
As Received
Test Test Temp, Ult. Load, Ult. Stress,
N ° F pounds psi(2)
28 -423 16,600 169, 100
29 -423 17,000 173,200
30 -423 14,500 147,700
I 70 13,500 137,300
32 70 13,600 1.;8, 500
33 70 13,600 138,500
34 1200 10,400 105,900
35 1200 10,450 106,400
36 1200 10,300 104,900
*Tested with nut slugs of the same materi,-1 and heat tr^atmert.
(1) Stress calculated at Tensile Stress Area of .'j3637 square inches.
(2) Stress calculated at twice nominal dia.. area, .09817 square inches.
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TABLE LI?C (contini:ed)
Part No. EWB 22-4-34
3. Stress Rupture== -
Test Test Temp, Load, Load Stress, Time, Location
No. ° F pounds psi(1) Hrs. of Failure
37 1200 4,910 135,000 66.3 T
38 i200 5,274 145,000 25.0 T
39 1200 5, 41-1 5 150,000 10.1 T
40 1200 5,455 150,000 16.4 T
41 1200 5,455 150,000 15.8 T
4. Stress Relaxation @ 1200° F
Initial Preload 99, 000 psi
Test	 Hours Residual Stress
No.	 ° F Founds si(,)
42	 1.0 3,200 88,000
i0.0 3,000 82,500
50.0 Z,400 66,000
43	 1.0 3,100 85,200
0.0 2, 55C 70,100
50.0 2, 100 57,700
5.	 Coefficient of Thermal Expansion - (3)
Temperature, ° E Inches /Inch /° F X 106
200 7.3
400 7.6
600 7.8
800 8.0
1,000 8.Z
1,200 8.55
1,400 9.2
1,600 9.65
'Nested with nut slugs of the same material and heat treatment.
(1) Stress calculated at Teasile Stress Area of .03637 square inches:
(2) Source: JED General Electric Material Property Data Book.
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TABLE LX
MECHANICAL PROPERTIES
Part No. EWB 926 - 4-28 Material Vasco Max 300 (2£0 ksi)
Size 1/4-28
1.	 Tensile - Bare Material Properties
(As Received)
. 113 Specimens
Elong.
Test Test Temp, Ult. Stress,	 Yield Stress, Gage,	 . 5 gin. Red. of
No. OF psi	 psi °^ %
1 -423 400,000	 363,000 8.0 35.8
2 -423 425, 000	 392,000 7.0 30.5
3 -423 396,500	 364,000 7.0 34.0
4 70 283,700	 270,400 12.0 54.0
5 70 281,300	 276,000 13.0 51.9
6 70 283,500	 270,100 12.0 53.1
7 900 199,000	 192,700 13.0 62.5
8 900 190, 100	 184,400 13.0 62.5
9 900 193,400	 188,700 12.0 58.5
V-Notch Properties
(Kt 8)
Test Test Temp, Ultimate Load,	 Ult. Stress
No. OF pounds psi
10 -423 6,000 256,400
11 -423 5,950 255,400
12 -4,13 6,950 29-11,000
13 70 9,230 387,800
14 7:: 8,700 275, 000
15 70 8,900 378,700
16 900 6,925 291,000
17 90C 6,825 292, 90
18 900 6,900 296, 100
Notch-to-Sr.-Lc
Tensile Rat
0.63
0.63
0.73
1.37
1.33
1.34
1.48
1.49
1.50
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TABLE LX (continued)
Part No. EWB 926-4-28
1. Tensile (continued) -
Bolt Properties* (As Received)
Test Test Temp, Ult. Load, Ult. Stress, Yield Load, Yield
No_ OF pounds psi(1) pounds Stress, psi
19 -423 13,200 326,700 11,375 281,600
20 -423 14,800 366,300 14,000 346,500
21 -423 14,300 354,000 13,750 340,300
22 70 11,000 272,300 9, 750 241,300
23 70 11,400 282,200 10,200 252, 500
24 70 11,350 280,900 10,000 247,500
25 900 7, 80C 193, 100 7,300 180,700
26 900 7,500 185,600 6,975 172,600
27 900 7,400 183,200 7,100 175,700
2. Double Shear -
As Received
Test Test Temp, Ult. Load, Ult. Stress,
No. °F pounds p51(2)
28 -423 14,000 142,600
29 -423 12,500 127,300
30 -423 15,000 152, 800
31 70 16,400 167,100
32 70 16,500 168,100
33 70 16,400 167, 100
34 900 11,400 116,100
35 900 11,000 112,100
36 900 11,200 114, 100
*Tested with nut slugs of the same material and heat treatment.
(1) Stress calculated at Basic Pitch Dia. Area of .0404 square inches.
(2) Stress calculated at twice nominal dia. area, .09817 square inches.
384
TABLE LX (continued)
Part No. EWB 926-4-28
3. Stress Rupture-' -
Test Test Temp, Load, Load Stress, Time, Location
No. ° IF psi(1) _Hrs. of Failure
37 900 6,928 170,000 31.3 T
38 900 6,928 170,000 22.8 T
39 900 6,923 170,000 17.7 T
40 900 7,070 175,000 6. 1 T
41 900 7,070 175,000 4. i T
4. Stress Relaxation C 900°F
Initial Preload 101, 500 psi
Test	 Hours Residual Stress
No._	 Run pounds psi (1)
42	 1.0 3,300 81,700
10.0 2,400 59,400
50.0 1,535 38,000
43	 1.0 3,200 79,200
10.0 2,300 56,900
50.0 1,500 37, 100
5.	 Coefficient of Thermal Expansion -
Temperature, *F Inc:aes /Inch/* F X 106
70 - 900 5.6
*Tested with nut slugs of the same material and heat treatment.
(1) Stress calculated at Tensile Stress Area of .0404 square inches.
(3) Aerospace Structural Metals Handbook.
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TABLE LXI
MECHANICAL PROPERTIES
Part No. Stud - Material - Waspaloy (220 ksi)
Size 1/4-28
1. Tensile -
	
Base Material Properties
(As Received)
. 113 Specimens
Elong.
Test Vest Temp, Ult. Stress,	 Yield Stress,	 Gage,	 .5 in.	 Red. of Area,
No. OF psi psi
1 -423 312,000 242,500 16.0 28.0
2 -423 316,000 255, 000 20.0 29.5
3 -423 -)18,600 281,000 14.0 31.0
4 70 227, 900 207,000 8.0 21.5
5 70 226,000 202,000 12.0 28.0
6 70 230,500 202,000 10.0 24.0
7 1400 154,500 152,000 6.o 12.0
8 1400 167: 000 163,400 6.0 9.0
9 1400 164,700 152,600 8.0 9.0
V-Notch Properties
(Kt 8)
Test Test Temp, Ultimate Load,	 Ult. Stress Notch-to-Smooth
No. OF pounds psi Tensile Patio
10 -423 8, 150 340,000 1.08
11 -423 8,180 350,000 1. 11
12 -423 7,850 337,000 1.07
13 70 7, 160 308,000 1.35
14 70 -1,170 304,000 1.33
15 70 7,260 312, 000 1. 37
16 1400 3,875 164,500 1.02
17 1400 3,500 150,0-,)0 0.93
18 1400 3,450 148,000 0.91
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TABLE. LXI (continued)
Part No Stud Waspaloy (220 ksi)
1.	 Tensile (continued) -
Bolt Properties* (As Received)
Test Test Temp, Ult. Load, Ult. Stress, Yield Load.. Yield
No. OF pounds psi(1) pounds Stress, p:
19 -423 11,200 307,900 8,900 244,700
20 -423 11,070 304,400 8,750 240, 600
21 -423 11,400 313,400 9,00() 247,500
22 70 8,800 242,000 6,475 178, 000
23 70 8,600 236,500 6,380 175,400
24 70 8,900 244,700 6,500 178,700
25 1400 6,750 185,600 "875 i61, 500
26 1400 6, 100 167,700 5,250 144,400
27 1400 6,275 172,090 5,625 155,000
Z. Double Shear -
Test Test Temp,
No. OF
28 -423
29 -423
30 -423
31 70
32 70
33 1400
34 1400
35 1400
As Received
Ult. Load,	 Ult. Stress,
	
pounds	 ps i(2)
	
17,000
	
174, CO
	
16,-600
	
169, J00
	
17, 100
	
174,500
	
12,500
	
127,300
	
12,500
	
127,300
	
10,250
	
104,400
	
9, 125
	 93,000
	
9,500
	
96,800
'Nested with nut slugs of the same material and heat treatment.
(1) Stress calculated at Tensile Stress Area of .03637 square inches.
(2) Stress calculated at twice nominal dia. area, .09817 square inches.
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TABLE LXI (continued)
Part No. Stud Waspaloy (220 ksi)
3. Stress Rupture -
Test Test Temp, Load, Load Stress, Time, Location
No. OF ounds psi(1) Hrs. cf Failure
36 1400 2,909 80,000 0.7 T
37 1400 2,545 70,000 5.2 T
38 1400 2,340 65,000 51.7 T
39 1400 2,340 65: 000 85.8 T
40 1400 2,340 65,000 35.9 T
4. Stre s s Relaxation @ 1400° F
Initial Preload 108, 300
Test	 Hours Residual Stress
No.	 Run op undsski
41	 1.0 2,360	 64,900
10.0 1,900	 52,200
50.0 1, 250	 34,400
5.	 Coefficient of Thermal Expansion - (3)
Temperature, OF Inches /Inch/* FX10 6
200 6.8
400 7.1
600 7.3
800 7.5
1,000 7.7
1,200 8.0
1,400 8.5
1,500 8.8
(3) Source - JED- General Electric Material Property Data Book
(1) Stress calculated at Tensile Stress Area of .03637 s q uare inches.
38F,

TA-W,LE CXIV=
4 70 =	 1,720	 86,043	 1, 970 (N. S. 98,549
5 70 1, 500	 75,038	 1, 900 (N. S. 95,048
=	 6 70 1,700	 85,043	 1, 920 (N. S_ } 96,048
7	 - 250- 1, 860 (N. S. 93,047
8 250 1, 890 (N. S. 94,547
q 250- 1, 820 (N. S. j 91,046
"As Cycled" -
70°-F to -423°F to 70°F - Cycling tests not conducted.
70°F to 250°F to 70°F
10	 70	 800 40,020 1, 975 (N. S. 98,799
11	 70	 1,075 53,777 1, 975 (N. S. 98,799
12	 70	 1,400 7G, 035 2, 040 (N. S. 102,051
(1) Stress calculated at tensile stress area of . 01999 square inches.
(N. S. ) - Nut Stripped
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TABLE =XIV. (continued) _	 -	 -
Part No. HL 1870W-6-40 _	 =	 _	 - --	 v	 _ _= LL
.= Double Shear
"As Received"
Test' Test Temp, Ult. Load, lilt. Stress,-	 =
--' 
Na. " F
-	
Pounds -psi ()
13 -423 8,800 155, 200
14 -423 -.8,600 151,600	 -
15 -423 8,700- 153,400
16 70 5, 500 96,985
-17 70 5.500 96,985
18 70 5,500 96,985
19 250 5, 175 91,200
20 250 5,325 93,900
21 250 5,225 92,100
"As Cycled"
70 6 F tc -42 3 ° F to 70 ° F - cycling tests not conducted
70°F to 250"F to 70°F
22	 70	 5,420	 95,574
23	 70	 5,460	 96,279
24	 70	 5,440	 95,927
3, Vibration - ALMA # 16
Installation	 Brca^off
Test Torque	 Torque	 No. of Degrees IOx Mag.
No. inch-pounds inch-pounds Cycles Movement Visual Insp. Remarks
25 6 28 30,000 60 No cracks Passed
26 7 30 30,000 60 No cracks Passed
27 7 28 30,000 90 No cracks Passed
28 6 29 30,000 90 No cracks Passed
29 10 29 30,000 30 No cracks Passed
(2) Stress calculated at twice nominal diameter area, . 05671 square inches.
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- -
- ^MCHANI;A PROP	 TI
martNo, --H1.. _70111	 $-42 -Bolt Material AISI.8740
-	 -
- . Nut 117taterial ^Oti4 Al
rSi^e = 114-2$
_-
Tensile -
r "As Received`!
Test Test Temp, Preload, ' Preload, Ult. Load, Ult, Stress,
-	 No. _	 ° _ a F pounds psi 1) pounds psi
1 -423 5, 080 (N. S. 	 - " 139,700
-2 -423 4,920 (N. S.) 135, 300
_	
3 -423 5, 120 (N. S.) 140,800
4 70 2,090 57,465 3,290 (N. S.) 90,459
5 70 2,350 64,614 3, 340 (N. S. ) 91,834
6 70 2.425 66,676 3, 250 (N. S. ) 89,359
7 250- _ 2, 880 (N. S. 79,186
8 250 2, 920 (N. S. 80, 286
9 250 3, 320 (N. S. 91,284
2.	 Double Shear -
"As Received"
Test Test Temp, Ult. Load, Ult. Stress,
No. F pounds psi (2)
10 -423 15,000 152,300
11 -423 15,600 158,900
12 -423 16,000 163,000
13 70 10,900 111,032
14 70 11,000 112,051
15 70 10,900 111,032
16 250 9,900 100,800
17 250 10,100 102, 900
18 250 9,900 100,800
(1) Stress calculated at tensile stress are2. o:. 03637 square inches.
(2) Stress calculated at twice nominal diameter area, . 09817 square inches.
(N. S. ) Nut Stripped
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TABLE XXXV (continued)
Part No. HL 1870 W -8-42
3. Vibrat;.^n - ALMA #10 -
Installation Breakoff
Test Torque	 Torque	 No. off' Degrees IOX Mag.
No. inch-pounds inch-pounds C'y cles Movement Visual insp. Remarks
19 12 `"? 18, OOG	 Cc*nplete motion failure
20 10 75 18,000	 '	 11
21 9 65 18,000	 it
22 9 65 18,000	 "	 "	 If
23 11 68 18,000	 it
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TABLE XXXVI
MECHANICAL PROPERTIES
Part No. HL 1870W-1?-48 Bolt Material AISI 8740 - 1vut Material 2024 Al
Size 3/8-24
1. Tensile -
"As Received -
Test Test Temp, Preload, Preload,
No. OF pounds psi (1)
1 -423
2 -423
3 -423
4 70 3, 100 35, 300
5 70 3, 100 35, 300
6 70 2, 600 29, 610
7 250
8 250
9 250
'As Cycled`'
Ult. Load, Ult.	 Stress,
pounds psi
7, 030 (H. i .) 80, 160
9,050 (H. F.) 103, 100
9,100 (H. F. 103, 600
8,700 (N. S.) 99, 078
8,800 (N. S. ) 100,216
8,800 (N. S. ) 100,21-6
8,800 (N. S.) 100,216
8,500 (N. S. ) 96,800
8,500 (N. S. ) 96,800
70°F to -423°F to 70°F - cclin.g tests not conducted
70°F to 250` F to 70°F
10 70 2, 000 22,777 8, 950 (N. S. 	 101, 925
11 70 1, 900 21, 638 8, 900 (N. S.)	 101	 355
12 70 2, 100 23, 915 8, 975 (N. S. 	 102, 209
(i)	 Stress calculated at tensile stress area of . 0878 square inches.
(H.	 F. ) Head Failure
(N. S. ) \ut Stripped
326
TABLE XXXVI (continued)
Part No. HL 1870W - 12-48
2.	 Double Shear -
"As Received"
Test Test Temp, lilt. Load, Ult.	 Stress,
No. OF pounds psi w
-423 Test_ not conducted, shear
fixtures being rel'esigned
13 70 22,000 S9, 638
14 70 22,000 99, 638
15 70 22, 100 i00, 091
16 250 21,200 96, 500
17 25021, 500 97,700
18 250 21,400 97, 200
"As Cycled''
70 ° F to -42 3 ° F to 70 ° F - cycling tests not conducted
70°F to 250°F to 70°F
19 70 21,700 98,279
20 70 21, 600 97, 826
21 70 2 1, 700 98,279
3.	 Vibratio n - .ALMA IT 10 -
Installation Breakoff
Test Torque Torque No.	 of	 a^egrees lOx flag.
No. inch-pounds inch-pounds Cycles	 Movement Visual insp.	 Rema rks
22 33 195 30,000	 90 No cracks	 Passed
23 30 1100 30, 000	 90 vo cracks	 Passed
24 33 200 30,000	 90 No cracks	 Passed
25 37 190 30, 000	 30 Nc cracks	 Passed
26 35 190 -^Ci, 000	 '15 No cracks	 Passed
(2) Stress calculated at twice norniral diameter area, . "08 square Inches.
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TABLE XXXVII
SUMMARY OF RESULTS
Point Drive Bolt & Twist-Off Nut
HL 4078
Material - A-2,.6
Ult. Strength (ksi) (1)	 Shear Strength (ksi) (2)
Test
Te-np. #10 1/4 #10 1/4
-423`F 217.6 (H' 181.5 (H) 161. 5 160.9
200. 1 (H) 194.7 (H) 164.0 149.7
220.1 (H) 193. 6 (H) 160. 5 152. 8
70°F 151.6 (H) i=_-8.0 (H) 109. 3 118.9
149.1 (T) 149. 8 'T) 109. 9 118.9
147.6 (T) 141.6 (H) 109. 2 118.9
1200°F 80.0 (H) 111.5 (H) 63. 9 75.4
95.5 (H) 110. 0 (H) 63. 0 76. i
95.0 (H) 112. 0 (H) 66. 1 75.4
(1) Stress calculated at tensile stress area.
(2) Stress calculated at tvvice nominal diameter area.
(H) Head Failure
(T) Thread Failure
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TABLE XXXVIII
MECHANICAL PROPERTIES
Part No. HL 4078-6-40 Material A-286 (140 ksi)
Size 3/16  x 2 1/2'' Grip
1. Tensile -
"As Received"
Test Test Temp, Preload, Preload, UIt.	 Load, Ult.	 Stress,
No. OF pounds psi (1) pounds psi
1 -423 4, 350 (H) 217,600
2 -423 4,000 (H) 200, 100
3 -423 '_' 400 (T) 220, 100
4 70 1,400 70,000 3. 030 (H) 151,600
5 70 1,700 85,000 2, 980 (T) 149, 100
6 70 1,500 75,000 2, 950 (T) 147,600
7 1200 1,600 (H) 80, U0
8 1200 1,910 (H) 95, 500
9 1200 1, 900 (H) 95,000
"As Cycled"
70 ° F to -423 0 F to 70 ° F - cycling tests not conducted
70°F to 1200°F to 70°F
10	 70 1,000 50,000 3, 030 (H) 151, 600
11	 70 750 37, 500 2, 900 (H) 145, 100
12	 70 1,000 50,000 2,980 (H) M9, 100
"As Relaxed - 50 hours"
13	 70 700 35,000 3, 300 (H) :65, 100
14	 70 775 38, 1 DO 2,900 (H) 145, 100
15	 70 750 37, 500 3, 100 (H) 155, 100
(1) Stress calculated at tensile stress area o f
 . 0199, square inches.
(H) Head Failure
(T) Thread Failure
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TABLE XXXVIII (continued)
Part No. HL 4078-6-40
2.	 Double Shear -
"As Received"
Test Test Temp, Ult,	 Load, Ult. Stress,
No. OF pounds _psi (2)
16 -423 9, 160 161, 500
17 -423 9, 300 164,000
18 -423 9, 100 160,500
19 70 5, 520 97, 300
20 70 5, 500 97,000
21 70 5,500 97,000
22 1200 3,625 63,900
23 1200 3, 575 63, 000
24 1200 3,750 66, 100
"As Cycled"
70°F to -423°F to 70°F - cycling tests not conducted
70°F to 1200°F to 70°F
25	 70	 5, 700	 100,500
26	 70	 5,740	 101,200
27	 70	 5, 720	 1001900
'As Relaxed - 50 p:ours''
28	 70	 5, 780	 101,900
29	 70	 5, 840	 103,000
30	 70	 5, 800	 102, 300
(2) Stress calculated at twice nominal diameter area, . 05671 square inches.
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TABLE XXXVIII (continued)-
Part No. HL 4078-6-40
3.	 Stress Relaxation @ 1200 ° F -
Initial Preload - 76, 600 psi
Test Hours
No. Run
31 10
32 10
33 10
34 50
35 50
36 50
4. Vibration - ALMA #10
Residual Stress
Pounds — PSI ( 1)
^0 37,500
925 51,000
825 41,500
700 35,000
775 3-0,800
750 37,500
Installation Breakoff
Test Torque Torque No. of Degrees IOX Mag.
No. inch-pounds inch-pounds Cycles Movement Visual Insp.	 Remarks
37 10 45 .50, 000 90 No cracks	 Passed
38 8 48 30,000 80 "
39 8 40 30,000 0 if	 it
40 8 45 30,000 20 If
41 10 45 30,000 0 If
(1) Stress calculated at tensile stress area of . 01999 square inches.
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Ult. Load, Ult. Stress,
pounds	 psi
6, 600 (H)
7,080 (H)
7, 020 (H)
5,400 (Ii)
5, 459 (T)
5, 150 (H)
4,050 (H)
4, 009 (H)
4,075 (H)
181,500
194,700
193,000
148,474
149,849
141,600
111,500
110,000
112,200
TABLE XXXIX
MECHANICAL PROPERTIES
Part No. HL 4078-8-42 - Material A-286
Size 1/4-28
1. Tensile -
Test	 Test Temp,
No. OF
1 -423
G -423
3 -423
4 70
5 70
6 70
7 1200
6 1200
9 1200
"As Received"
	
Preload,	 Preload,
	
pounds	 psi ( A.
3,000 82,500
4,300 110: 040
3,950 108,600
"As Cycled"
70°F to -423°F to 70'F - cycling tests not conducted
70°F to 1200°F to 70°F
10 70 2,750 75,600 5, 000 (H)
11 70 2,500 68.700 4,700 (H)
12 70 2,850 78,400 4,700 (H)
"As Relaxed - 50 HourF"
13 70 1,700 46,700 5,100 (H)
14 70 1, 590 41,91-00 5,400 (H)
15 70 1,500 41, 20O 4,850 (H)
(1)	 Stress calculated at tensile stress area of . 03637 square inches.
(H) Head Failure
(T)	 Thread Failure
137,500
129,200
129,200
140,200
148,500
133,400
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TABLE XXXIX (continued)
Part No. HL 4078-8-42
2. Doub:e Shear -
"As Received"
Test Test Temp, Ult. Load, Ult. Stress, 
No. OF pounds psi (2) 
16 -423 15,800 160,900
17 -423 14,700 149,709
18 -423 15,000 152,600
19 70 11,200 118,934
20 70 11,200 118,934
2i 70 11,200 118,934
22 1200 7,400 75,400
23 1200 7,550 76,900
24 1200 7,400 75,400
"As Cycled"
70 ° F to -423 ° F to 70 ° F - cycling tests not conducted
70°F to 1200°F to 70°F
25	 70	 10, 620	 108,200
26	 70	 10,800	 110,000
27	 70	 10,720	 109,200
"As Relaxed - 50 Hours"
28	 70	 12,000	 122,200
29	 70	 11,600	 118,200
30	 70	 11,700	 119,200
(2) Stress calculated at twice nominal diameter area, . 09817 square inches.
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TABLE XXXLX (continued)
Part No. HL 4078-8-42
3. Stress Relaxation C 1200°F -
i-iitial Preload - 100, 000 psi
Test Hours Residual Stress
No. F.un Pounds	 PSI (1)
31 10 1,150	 31,600
32 10 1,300	 35,700
33 10 1,650	 45,500
34 50 1,700	 46,700
-35 50 1,500	 41, 200
36 50 1,500	 41,200
4. Vibration - ALMA # 10 -
Installation Breakoff
Test Torque	 Torque	 No. of Degrees 1OX Mag.
No. inch-pounds inch-pounds Cycles Movement Visual Insp. Remarks
37 30 120 30,000 0 No cracks Passed
38 ,28 120 30,000 0 No cracks Passed
3 01 18 120 30,000 0 No cracks Passed
40 22 120 30.000 20 No cracks Passed
41 16 120 30,000 0 No cracks Passed
(1) Stress calculated at tensile stress area of . 03637 square inches.
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TABLE XL
SUMMARY OF RESULTS
#10 Jo Bolts
Materials - AISI 4130 - PP 200
A-286	 PP 200A
Test	 Ult. Strength (ksi) (1)	 Shear Strength (ksi) (2)
Temp.
4130 A-286 4130 A-?86
-423°F	 109.1 157.1 73.2 138.5
122.6 147.7 89.1 141.7
1 -35. 1 165.1 89.0 158.8
70°F	 104.5 95.0 83.6 83.6
93.8 96.0 84.7 83.1
114.3 91.3 84.8 83.2
Max.	 450°F 1200°F 450°F 1200 °F
76.8 80.0 79.6 57.7
74.5 65.0 70.4 60.5
76.0 65.0 75.6 62.1
(1) Stress calculated at tensile stress area of . 01999 square inches.
(2) Stress calculated at twice nominal diameter area, . 06283 square inches.
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TABLE XLI
MECHANICAL. PROPERTIES
Part No. PP 200-16 Bolt & Nut Material AISI 4130 - Sleeve Material 303 S/S
Size # 10 x 1. 0"
I	 Tan-mile- _
"As Received"
Test Test Temp, Preload, Preload, Ult. Load, Ult. Stress,
No. OF pounds psi(1) pounds psi
1 -423 2,180 109, 100 (T)
2 -423 2,450 122,600 (T)
3 -423 2,700 135, 100 (T)
4 70 1,000 50,025 21090 104,552 (T)
5 70 950 47,524 1,875 93,797 (N. S.
6 70 700- 35,018 2,285 114,307  (T)
1 450 1,535 76,800
8 450 1,490 -74,500
9 450 1,520 76,000
"As Cycled"
70 ° F to -42 3 ° F to 70 ° F - cycling tests not conducted
70°F to 450°F to 70°F
10	 70	 550	 27, 506	 2,325
	 116, 300 (T)
11	 70	 900	 45,000	 1,970	 98, 500 (N. S. )
12	 70	 975	 48,800	 2, 120
	 106, 000 (T)
(1) Stress calculated at tensile stress area of . 01999 square inches.
(T) Thread "aiiure
(N. S. ) Nut Stripped
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TABLE XLI (continued)
Part No. PP 200-16
2. Double Shear -
"As Received"
Test Test Temp, Ult. Load, Ult.	 Stress,
No. OF pounds psi (2)
13 -423 4,600 73,200
14 -423 5,600 89, 100
15 -423 5,600 89,100
16 70 5,250 83,600
17 70 5,320 84,700
18 70 5,-,-10 84,800
1
-9 450 5,000 79,600
20 450 4,425 70,400
21 450 4,750 75,600
"As Cycled"
70°F to -423°F to 70°F - cycling tests not conducted
70°F to 450°F to 70°F
22 70 5,680 90,400
23 70 5,250 83,700
24 70 5, 330 84,000
(2) Stress calculated at twice nominal diameter area, . 06283 square inches.
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TA B ILE X LII
MECHANICAL PROPERTIES
Part No. PP 200A-16 Bolt & Nut Material A-286, Rc 30
Sleeve Material A-286 (Solution Treated)
Size # 10
1. Tensile -
"As Received"
Test Test Temp, Preioad, Preload, Ult.	 Load, Ult. Stress,
No. OF pounds psi (1) pounds psi
1 -423 3, 140 157, 100 (T)
2 -423 2,950 147, 000 (T)
3 -423 3, 300 1^^, iU0 (T)
4 70 800 40,000 1,900 95, 000 (N. S.)
5 70 700 35,000 1, 920 96, 000 (T)
6 70 725 36, 300 1,825 91, 300 (N. S.)
7 1200 1,600 80, 000 (T)
8 1200 1, 300 65, 000 (T)
9 1200 1,300 65, 000 (T)
"As Cycled"
70°F to -423`F to 70°F - cycling tests not conducted
70°F to 1200 2 F to 70°F
10 70 1200 60,000 2,250 112, 600 (T)
11 70 1100 55,000 2,225 111, 300 (T)
12 70 900 45,000 2,275 113, 800 (T)
"As Relaxed - 50 hours"
13 70 1000 50,000 2, 100 105, 100
14 70 950 47,500 2, 310 115,600
15 70 1000 50,000 2, 370 118,000
(1) Stress calculated at tensile stress area of . 01999 square inches.
(T) Thread Failure
(N. S. ) Nut Sheared
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TABLE XLII (continued)
Part No. PP 200A-16
2.	 Double Shear -
"As Received"
Test Test Temp,	 UIt. Los d, Ult.	 Stress,
No. OF pounds psi (,z)
16 -423 8,700 138,500
17 -423 8,900 141,700
18 -423 9,600 152,800
19 70 5,250 83,600
20 70 5,220 83, 100
21 70 5,230 83,200
22 1200 3,625 57,700
23 1200 3,800 60,500
24 1200 3,900 62, 100
"As Cycled"
70°F to -423°F to 70°F - cycling tests not conducted
70"	 r^ '200°F to 70°F
25 70 5,320 84, 700
26 70 5,460 86,900
27 70 5,540 89,600
"As Relaxed - 50 hours"
28 70 5, 550 88, 300
29 70 5,680 90,400
30 70 5,620 89,400
(2) Stress calculated at twice nominal diameter area, . 06283 square inches.
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TABLE XLII (continued)
Part Na. PP 20OA-16
3. Stress Relaxation @ 1200 ° F -
Initial Preload - 37, 000 psi
Test Hours Residual Stress
No. Run Pounds	 PSI (1)
31 10 450	 27,500
32 10 500	 25;000
33 10 650	 32,500
34 50 1,000	 50,000
35 50 950	 47,500
36 50 1,000	 50,000
(1) Stress calculated at tensile stress area of . 01999 square inches.
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APPENDIX IV
TEST RESULTS
RIVETS - PHASE II
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TABLE XLIV
MECHANICAL PROPERTIES
Part No. CR-2162-4 Material Aluminum; 2017 T4 - Rivet, 7075 - Stem
Size 1/8 x 1/4" (grip
1. Tensile -
"As Received"
Test Test Temp, Ult . Load,
No. OF pounds
1 -423 670
2 -423 580
3 -423 1160
4 70 260
5 70 252
6 70 232
7 250 262
8 250 228
9 250 232
"As Cycled 12 Times"
70°F to -423°F to 70°F - cycling tests not conducted
70° F to 250° F to 70° F
10	 70	 310
1l	 70	 285
i2	 70	 280
Location
of Failure
Blind head failure
II	 II	 It
11	 It	 II
Blind head failure
II	 II	 II
It	 It	 II
Blind head failure
II	 II	 It
II	 II	 11
Blind head ft.ilure
II	 II	 II
II	 II	 11
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TABLE XLIV (continued)
Fart No. CR-2162-4
2. Single Shear
"As Received"
'Vest Test Temp,	 Ult. Load, Ult. Stress,
No. ° F pounds psi (1)
13 - 423 910 74,200
14 -423 880 71,700
15 -423 900 73,300
16 70 5C0 409700
17 70 500 40,700
18 70 500 40,700
19 250 480 39,103
20 250 490 39,900
21 250 488 39,800
"As Cycled 12 Times"
70° F to -423° F to 70° F - cycling tests not conducted
70° F to 250° F to 70° F
22 70 570 46,500
23 70 576 46,900
24 70 590 48,100
(1) Stress ca:culated at nominal diameter area of .01227 square inches.
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TABLE XLIV (continued)
Part No. CR-2162-4
3. Stem Retention -
"As Received"
	
Test	 Test Temp,	 Push-Out
	
No.	 —OF 	 Load, pounds
	
25	 70	 60
	
26	 '0	 64
	
27	 70	 105
"As Cycled 12 Times"
70° F to -423° F to 70° F - cycling tests not conducted
70° F to 250° F to 70` F
	
28	 70	 146
	
29	 70	 174
	
30	 70	 190
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TABLE XLV
MECHANICAL PROPERTIES
Part No. CR-2162-5 Material Aluminum; 2037-T•: - Rivet, 7075 - Stem
Size 5/32 x 3/8" Grip
I	 TvncilP -
"As Received"
Test Test Temp, Ult. Load, Location
No. OF pounds of Failure
1 -423 1,320 Blind head failure
2 -423 1,160 "	 "	 "
3 -423 920 "	 "	 "
4 70 432 Blind head failure
5 70 400
6 70 422
7 250 400 Blind head failure
8 250 475
9 250 434
"As Cycled 12 Times"
70°F to -423°F to 70°F - cycling tests not conducted
70°F to 250°F to 70°F
10	 70	 435
	 Blind head failure
11	 70	 430
	 "	 '_
12	 70	 510	 it	 if"
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TABLE XLV (continued)
Part No. CR-2162-5
2. Single Shear -
"As Received"
Test Test Temp, Ult. Load, Ult. Stress,
No. ° IF psi (1)
13 -423 12390 72, 500
14 -423 1,400 73,000
15 -423 10390 7Z.500
16 70 828 43,200
17 70 832 d3, 400
18 70 836 43,600
19 250 745 38,900
20 250 730 38,100
21 250 725 37,800
"As Cycled 12 Times"
70° F to -423° F to 70° F - cycling tests not conducted
70° F to 250° F to 70a F
22	 70	 840	 43,800
23	 70	 842	 43,900
24	 70	 825	 43,100
(1) Stress calculated at nominal diameter area of .01916 square inches.
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TABLE XLV (continued)
Part No. CR-2162-5
3. Stem Retention -
"As Received"
Test	 Test Temp,	 Push-Out
No.	 ° F	 Load, pounds
25	 70	 240
26	 70	 220
27	 70	 280
"As Cycled 12 Times"
70° F to -423° F to 70 0 F - cycling tests not conducted
70° F to 250° F to 70° F
28 70 450
29 70 320
30 70 360
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TABLE XLVI
MECHANICAL PROPERTIES
Part No. CR-2162-6 Material Aluminum; 2017-T4-Rivet, 7075 - Stem
Size 3/16 x 3/8" Grip
I- TPnai lP -
"As Received"
Test Test Temp, Ult.	 Load, Location
No. OF pounds of Failure
1 -423 1,420 Blind head failure
2 -423 1,400 it	 itif
3 -423 1,000 11	 itit
4 70 620 Blind head failure
5 70 630 It 	 It
6 70 700 It	 it	 it
7 250 730 Blind head failure
8 250 650 it	 "
9 250 695
"As Cycled 12 Times"
70°F to -423°F to 70°F - cycling tests not conducted
70°F to 250°F to 70°F
10 70 750 Blind head failure
11 70 790 11"
12 70 700 If"
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TABLE XLVI (continued)
Part No. CR-2162-6
2. Single Shear -
"As Received"
Test Test Temp,	 Ult. Load, Ult. Stress,
No. OF pounds psi (1)
13 -423 2000 72,500
14 -423 1980 71,700
15 -423 2200 79,700
16 70 1300 47, 100
17 70 1420 51,400
18 70 1240 44,900
19 250 1100 39,900
20 250 1120 40,600
21 250 1150 41,700
"As Cycled 12 Times"
70° F to -423° F to 70° F - cycling tests not conducted
70° F to 250° F to 70° F
22 70 1180 42,800
23 70 1220 44,200
24 70 1300 47, 100
(1)	 Stress calculated at nominal diameter area of .02760 square inches.
350
TABLE XLVI (continued)
Part No. CR-2162-6
3. Stem Retention -
"As Received"
	
Test	 Test Temp,	 Push-Out
	
No.	 OF	 Load, pounds
	
25	 70	 340
	
26	 70	 400
	27	 70	 320
"As Cycled 12 Times"
70°F to -423° F to 70° F - cycling tests not conducted
70° F to 250° F to 70° F
	
28	 70	 780
	
29	 70	 790
	30	 70	 640
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TABLE X LV;I
MECHANICAL PROPERTIES
Part No. CR-2662-4 Material A-286; AMS 5735 - Rivet, AMS 5736 - Stem
Size 1/8 x 1/4" Grip
1. Tensile -
"As Received"
Test Test Temp, Ult. Load, Location
No. OF pounds of Failure
1 -423 1200 Blind head failure
2 -423 1300 it	 it"
3 -423 1000 if	 it"
4 70 740 Manufactured head failure
5 70 760 Blind head failure
6 70 800 it	 ifif
7 1200 545 Blind head failure
8 1200 617 11"
9' 1200 612 11"
"As Cycled 12 Times"
70°F to -423°F to 70°F - cycling tests not conducted
70°F to 1200°F to 70°F
10	 70	 930	 Manufactured head failure
11	 70	 960	 11	 if"
12	 70	 946	 11
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TABLE XLVII (continued)
Part No. CR-2662-4
2. Single Shear -
"As Received"
Test Test Temp, Ult. Load, Ult. Stress,
No. OF pounds psi (1)
13 -423 1770 144,500
14 -423 1800 147,000
15 -423 1700 138,500
16 70 1040 84,800
17 70 1070 87,200
18 70 1020 83, 100
19 1200 730 59,500
20 1200 730 59,500
21 1200 810 66,000
"As Cycled 12 Times"
70° F to -423° F to 70° F - cycling tests not conducted
70° F to 1200° F to 70° F
22	 70	 1290	 105, 100
23	 70	 1240	 101, 100
24	 70	 1260	 102,700
(1) Stress calculated at nominal diameter area of .01227 square inches.
353
W-4
TABLE XLVII (continued)
Part No. CR-2662-4
3. Stem Retention -
"As Rece-ved"
	
Test	 Test Temp,	 Push-Out
	
No.	 ° F	 Load, pounds
	
25	 70	 280
	
26	 70	 200
	
27	 70	 290
"As Cycled 12 Times"
70° F to -423° F to 70° F - cycling tests not conducted
70° F to 1200° F to 70° F
28 70 670
29 70 620
30 70 690
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"As Received"
Test Test Temp, Ult.	 Load,
No. OF pounds
1 -423 1960
2 -423 1820
3 -423 2500
4 70 1200
5 70 1100
6 70 1260
7 1200 943
8 1200 103C
9 1200 960
"As Cycled 12 Times"
70 ° F to -423 ° F to 70 ° F - cycling tests not conducted
70°F to 1200°F to 70°F
10 70 1735
11 70 1700
12 70 1690
Location
Blind head failure
„	 if	 ,t
If	 it	 it
Blind head failure
1 1
	„	 „
It	 :1	 if
Blind head failure
Manufactured head failure
If	 it	 it
If	 if	 If
TABLE XLVIII
MECHANICAL PROPERTIES
Part No. CR-2662-5 Material A-286; AMS 5135 -- Rivet, AMS 5736 - Stem
Size 5/32 x 3/8" Grip
1. Tensile -
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TABLE XLVIII (continued)
Part No. CR-26f 2-5
Z. Single Shear -
"As Received"
Tess. Test Temp, Ult, Load, Lilt. Stress,
No. ° F pounds psi (1)
13 -423 2940 153,500
14 -423 2840 148,000
15 -423 2800 146,200
16 70 1620 84,600
17 70 1640 85,600
18 70 1980 103,300
19 1200 !200 62,600
20 1200 1210 63, 2001
21 1200 1250 65,200
"As Cycled 12 Times"
70° F to -423° F to 70° F - cycling tests not conducted
70° F to 1200° F to 70* F
22 70 2025 105,700
23 70 2000 104,400
24 70 1980 103,300
(1) Stress calculated at nominal diameter area of .01916 square inches.
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TABLE XLVIII (continued)
Part No. CR-2662-5
3. Stem Retention -
"As Received"
	
Test	 Test Temp,	 Push-Out
	
No.	 OF	 Load, pounds
	
25	 70	 380
	26	 70	 400
	27	 70	 340
"As Cycled 12 Times"
70'F to -423° F to 70° F - cycling tests not conducted
70° F to 1200° F to 70° F
28 70 800
29 70 1000
30 ;0 1100
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TABLE XLLX
MECHANICAL PROPERTIES
Part No. CR-2662 -6 Material A-286; AMS 5735 - Rivet, AMS 5736 - Stem.
Size 3/16 x 3/8" Grip
1. Tensile -
"As Received"
Test Test Temp, Ult. Load,
No. OF pounds
1 -423 2600
2 -423 2200
3 -423 2400
4 70 1540
5 70 1420
6 70 1840
7 1200 1290
8 1200 1340
9 1200 12 i0
"As Cycled 12 Times"
Location
Blind head faiiure
It	 !1
Blind head failure
Blind head failure
it	 It	 I-
It	 11	 II
70° F to -423"F ;:o 70 ° F - cycling tests not conducted
70 ° F to 1200 ° F to 70 ° F
10	 70	 2100	 Manufactured head failure
11	 70	 2250	 Blind head failure
12	 70	 2100
	 Manufactured head failure
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TABLE XLIX (continued)
Part No. CR-2662-6
2. Single Shear -
"As Received"
Test Test Temp,	 Ult. Load, Ult. Stress,
No. OF pounds psi (1)
13 -423 4050 147,000
14 - 423 3960 1-13,500
15 -423 3790 137,500
16 70 2460 89,100
17 70 2440 88,400
18 70 2420 87,700
19 1200 1800 65,200
20 1200 1780 64,500
21 1200 1830 66,300
"As Cycled 12 Times"
70° F to -423° F to 70° F - cycling tests not conducted
70° F to 1200° F to 70° F
22 70 2950 106,900
23 70 2880 104,300
24 70 2980 108,000
(1)	 Stress calculated at nominal dia:nete-r area of .02760 square inches.
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TABLE XLIX (continued)
Part No. CR-2662-6
3. Stem Retention -
"As Received"
	
Test	 Test Temp,	 Push_ -Out
	
No.	 *F	 Load, pounds
	
25	 70	 520
	
26	 70	 500
	
27	 70	 580
"As Cycled 12 Times"
70° F to -423° F to 70° F - cycling tests not conducted
70° F to 1200° F to 70° F
28 70 1400
29 70 1850
30 70 1950
ABLE L
SUM_AARY OF RESULTS
Solid Rivets per MS 20426
Materials - Al 2024-T4 & Pure Ti
Test
Temp.
-423° F
70°F
Ultimate Strength- Lbs.
Al 2024-T4 Pure Ti
1/8 3/16 1/8 3/16
1180 1800 720 1150
1100 1880 880 1100
1080 1790 850 800
660 1400 1340 2990
600 1360 1270 2900
660 1300 1360 27i0
Shear Strength-Lbs.
Al 2024-T4 Pure Ti
1/8 3/16 1/8 3/16
920 2420 1700 3870
1000 2500 1750 4160
930 2600 1600 3720
500 1300 1200 2620
500 1280 1240 2640
500 1240 1220 2490
Max.	 250 ° F 250°F 500°F
500	 1280 860	 1600
510	 1300 780	 1550
500	 1280 780	 1600
705
	
1620
688	 1500
685
	 1550
500"F
950	 1700
970	 1900
952	 1700
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TABLE LI
MECHANICAL PROPERTIES
Part No. MS 20426 Material Aluminum 2024-T4
Size 1/8 x 1/4'' Grip
1	 Tc-ncilP -
"As Received"
Test Test Temp, UIt. Load, Location
No. OF pounds of Failure
1 -423 1180 Manufactured head failure
2 -423 1100 It
3 -423 1080 it
4 70 660 Manufactured head failure
5 70 600 Itit	 it
6 70 660 it	 if	 It
7 250 705 Manufactured head failure
8 250 688 It"
9 250 685
"As Cycled 12 Times"
70°F to -423 °F to 70°F - cycling tests not conducted
70°F to 250°F to 70°F
10 70 800 Manufactured head failure
11 70 800 "	 it	 "
12 70 800 "	 if	 "
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TABLE LI (continued)
Part No. MS 20426 1/8 Aluminum
2. Single Shear -
"As Received"
Test Test Temp,	 Ult. Load, Ult. Stress,
No. OF pounds psi (1)
13 -423 920 75.000
14 -423 1000 81,500
15 -423 930 75,700
16 70 500 40,800
17 70 500 40,800
18 70 500 40,800
19 250 500 40,800
20. 250 510 41,600
21 250 500 40,800
"BAs Cycled 12 Times"
70° F to -423° F to 70° F - cycling tests not conducted
70° F to 250° F to 70° F
22 70 440 35,900
23 70 460 37,500
24 70 420 34,200
(1) Stress calculated at nominal diameter area of .01227 square inches.
363
TABLE LII
MECHANICAL PROPERTIES
Part No. MS 20426 Material Aluminum 2024-T4
Size 3/16 x 3/8" Grip
1. Tensile -
"As Received"
Test Test Temp, Ult. Load,
No. OF pounds
1 -423 1800
2 -423 1880
3 -423 1790
4 70 1400
5 70 1360
6 70 1300
7 250 1620
8 250 1500
9 250 1550
"As Cycled 12 Times"
70° F to -423 ° F to 70 ° F - cycling tests not conducted
70°F to 250°F to 70°F
10 70 1600
11 70 1600
12 70 1540
Location
Manufactured head failure
it	 it
 ff
Manufactured head failure
if	 it
It	 it
Manufactured head failure
ti	 if	 if
it	 11	 11
Manufactured head failure
II
f I	 II	 II
TABLE LII (continued)
Part No. MS 20426 3/16  Aluminum
2. Single Shear -
"As Received"
Test Test Temp,	 Ult. Load, Ult. Stress,
No. *F pounds psi (1)
13 -423 2420 87,700
14 -423 2500 90,500
15 -423 2600 94,200
16 70 1300 47,100
17 70 1280 46,400
18 70 1740 44,900
19 250 1280 46,400
20 250 1300 47, 100
21 250 1280 46,400
"As Cycled 12 Times"
70°F to -423°F to 70°F - cycling tests not conducted
70° F to 250° F to 70° F
22 70 1300 47, 100
23 70 1280 46,400
24 70 1240 44,900
(1) Stress calculated at nominal diameter area of .02760 square inches.
365
TABLE LIII
MECHANICAL PROPERTIES
Part No. NIS 20426 Material - Pure Titanium
Size 1/8 x 1/4 11 Grip
1	 TPnci le -
"As Received"
Test Test Temp,	 Ult. Load,
No. OF pounds
1 -423 720
2 -423 880
3 -423 850
4 70 1340
5 70 1270
6 70 1360
7 500 950
8 500 970
9 500 95-)
"As Cycled 12 Times"
70 ° F to -423 0 F to 70'F - cycling tests not conductec
70°F to 500°F to 70°F
10 70 1570
11 70 1520
12 70 1480
Location
t, anufactured head failure
„	 „	 „
if
	
„	 if
Manufactured head failure
Manufactured head failure
1,	 „
if	 it
Manufactured head failure
fl
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TABLE LIII (continued)
Part No. MS 20426 1/8  Pure Titanium
2. Single Shear -
"As Recei-ued"
Test Test Temp, Ult. Load, Ult. Stress,
No. OF pounds psi (li
13 -423 1700 138,500
14 -423 1750 143,000
15 -423 1600 130,500
16 70 1200 97,800
17 70 1240 101, 100
18 70 1220 99,400
19 500 863 70,300
20 500 784 63,900
21 500 772 62, 900
"As Cycled 12 Times"
70° F to -4.23° F to 70° F - cycling tests not conducted
70° F to 500° F to 70° F
22	 70	 1300	 105,900
23	 70	 1240	 101, 100
24	 70	 1140	 92,900
(1) Stress calculated at nominal diameter area of .01227 square inches.
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TAB Lr LTV
MECHANICAL PROPERTIES
Part No. MS 20426 Material-Pure Titanium
Size 3/16 x 3/3" Grip
1. Tersile
"As Received"
Test Tes: Temp, Ult.	 Load,
No. ° IF
1 -423 1150
2 -423 1100
3 -423 Qn0
4 70 2990
5 70 2980
6 70 2710
7 500 1700
8 500 1901
9 500 17G0
"As Cycled 12 Times"
Location
Manufactured head failure
It
	 II	
IT
It	 II	 .I
Manufactured head failure
II	
IT
	 I
..	 I:	 ,I
Body- failure
II	 ..
II
70 ° F to -423'F to 70'F- cycling tests aot conducted
70°F to 500°F to 70`F
10	 70	 3025	 Manufactured head failure
11	 70	 2990	 II	 r.
12	 ?0	 2780	 „
	
IT
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TABLE LIV (continued)
Fart No. MS 20426 3/16  Pure Titanium
2. Single Shear -
"As Received"
Test Test Temp, Ult. Load, Ult. Stress,
No. OF pounds psi	 (1)
13 --423 3, 870 140,000
14 -423 4,160 151,000
15 -423 31p 720 135,000
16 70 2.9623 94,900
17 70 22640 95,700
18 70 2.9490 90,200
19 500 1, 600 58,000
20 500 1, 550 56,200
21 500 1, 600 58, G00
"As Cycled U Times"
70° F to -423° F to 70° F - cycling tests not conducted
70° F to 500° F to 70° F
22 70 20980 108,000
23 70 219900 105,100
24 70 2, 800 101,400
(1) Stress calculated at nominal diameter area of .02760 square inches.
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APPENDIX V
TEST RESULTS
POD ENTIAL HIGH STRENGTH
FASTENER MATERIALS - PHASE IV
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Ti-185
KSI	 Ratio
U-212
KSI	 Ratio
I
Inco 718
I	 KSI	 Ratio
VM 300
KSI	 Ratio
23%C. R. Wa
68.6 .24 299.5 1.07 297.1 1.07 256.4 .63 340.0	 1.
70.7 ZS 309.5 1.12 299.1 1.08 255.4 .63 350.0	 1.
64.0 .23 309.5 1.12 296.6 1.06 297.0 .73 337.0	 1.
240.4 1.12 246.4 I.28 260.3 1.28 387.8 1.37 308.0	 1.
236.7 1.08 245.7 1.27 263.9 1.30 375.0 1.33 304.0	 1.
239.6 1.10 246.9 1.28 261.1 1.29 378.7 1.34 312.0	 1.
300' F 1200-r I200- F 900• F
1400-F252.0 1.32 140.7 1.30 218.0 1.33 291.0 1.48 164.5	 1.
250.7 1.31 195.9 1.34 215.0 1.31 292.9 1.49 150.0
250.3 1.31 200.0 1.22 296.1 1.50 148.0
Test
Temp.
-423• F
70- F
Max.
rp-
itZ
18
^1
17
15
6
17
12
13
11
TABLE LV
SUMMARY OF RESULT'S
MATERIALS - PHASE IV
MATERIAL PROPERTIES
Test
Temp.
-423• F
70' F
Test
Temp.
-423-F
700F
Max.
Ultimate Tensile Strenjth - KSI ;.2% Offset) Yield - KSI
t.•, la
> S a > ° a
m o
v U 0. m ou U R
.s.
H
N Y 0
.°.^
r M
r'.
r.I:
N 0
V -^ ina > N3 a - >^ N3
350.5 280.0 279.2 400.0 312.0 N.Y. 191.0 206.0 363.0 242.5
306.5 275.0 278.0 4ZS.0 3I6.0 N.Y. 187.5 204.0 392.0 255.0
183.3 274.0 278.0 396.5 318.6 N.Y. 168.5 220.0 364.0 281.0
222.3 190.0 202.5 283.2 227.9 218.7 I51.0 172.5 270.4 207.0
213.1 192.5 202.0 281.3 226.0 213.6 149.0 167.5 276.0 202.0
218.7 =95.9 ZOO.0 233.5 230.5 216.6 153.0 270.0 202.0
390' F 1200 Y 1200' F 900•
 F 1400'F 300'F 1200• F 1200• F 900' F 1400• F
193.6 745.0 164.7 199.0 154.5 189.4 121.0 144.1 192.7 152.0
184.3 !48.0 162.7 190.1 167.0 182.2 123.1 137.2 184.4 163.4
193.8 146.0 166.0 193.4 164.7 186.2 122.5 141.0 188.7 152.61
IElongatiou - % I Redaction of Area - %
h
m
f+ --
N
7
0 40
S r
o0
u °'
A> ~
a
U t►
~CQ
4
m
>
as
_
<E -•
N
a C mr
u
d
>
a
U 0.
~,., 1t
• 24.0 20.0 8.G 16.0 + 41.0 Z5.2 35.8 Z8.0
• ZZ. 0 20.0 7.0 20.0 • 35.G 31.0 30.5 29.5
• 24.0 22.3 7.0 14.0 • 40.0 29.0 34.0 31.0
12.0 18.0 18.0 12.0 8.0 46.8 40.3 37.9 54.0 21.5
8.0 18.0 20.0 13.0 12.0 17.1 40.3 39.4 51.9 28.0
12. G 18.0 18.0 12.0 10.0 44.0 35.4 39.3 53.1 Z4.0
300'F IZ00-F 120MF 900'F 1400'F 300-F 1290'F 1200'r 900-F 1400-F
18.0 247 16.0 !3.0 b.0 60.5 46.0 Z3.1 62.5 12.0
18.0 22.0 26.0 73.0 6.0 62.5 38.9 43.2 62.5 9.0
16.0 20.0 23.0 12.0 8.0 54.0 42.0 40.8 58.5 9.0
V-Notch Properties (..Kt 8)
•Fractured Outsidc Gage
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111.9 223.8 225.5 327.7 307.9
160.8 226.8 227.1 366.3 3C4.4
162.2 225.5 233.2 354.0 313.4
221.3 187.0 198.0 272.3 242.0
221.3 189.7 200.2 282.2 236.5
229.5 188.3 196.0 280.9 244.7
300- F 1200- F 1200- F 900' F 14000 F
200.2 1T0.0 189.7 293.1 18^	 5.-;--
213.0 157.0 192.4 185.6 167.7
213.0 154.0 192.4 183.2 172.0
N.Y. 178.7 215.8 281.6 244.7
N.Y. 173.2 222.7 346.5 240.6
N.Y. 181.5 222.7 340.3 247.5
213.0 132.0 160.8 241.3 178.0
214.4 140.2 173.9 252.5 175.4
221.3 141.6 178.7 247.5 178.7
300• F 1200• F 1200-F 900-F 1400-F
196.5 135.0 161.5 180.7 161.5
203.4 138.0 162.2 172.6 144.4
206.2 138.0 163.5 175.7 155.6
TABLE LVI
SUMMARY OF RESULTS
BOLTS - PHASE IV
DOLT PROPERTIES
Ultimate Ten}cile Strength - KSI
4
N
> o a
co o c^
v U tL
^ 4V .x..	 W 'd
r^iN	 > N3
Johnbon's 2/3 Approx.
Yield Strength - KS1
f:W
In
CD
'	 O	 x
aCD N	 0 m	 a%	 ou	 aId	 XzA
H	 a	 .^. [^	 >
	
N 3
Test
Temp_
-423 •
 F
70- F
Max.
Shear Strength - KS1
Test
Temp. Ti-185 U-212 Inco 7:8 VM 300 25%Wasp.
-423-F 94.0 168.1 169.1 142.6 174.0
118.5 166.0 173.2 127.3 169.0
114.5 163.0 147.7 152.8 174.5
70- F 134.5 132.4 137.5 167.1 127.3
135.5 132.4 138.5 168.1 127.3
134.5 132.4 138.5 167.1
300r
 F 12000F 1200* 17 9000 F 14000 F
Max. 105.9 90.7 105.9 116.1 104.4
V	
115.1 92.2 106.4 112.1 93.0
?15.1 95.8 104.9 114.1 96.8
N.Y. =No Yield
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TABLE LVII
MECHANICAL PROPERTIES
Part No. EWB T20-4-38 Material Ti 1 Al-8V-5Fe (200 ksi)
Size 1/4- 28 x 2. 862
1.	 Tensile - Base Material Properties
(As Received)
.113 Specimens
Elong.
Test Test Temp, Ult. Stress,	 Yield Stress,	 Gage, .5 in.	 Red. of Area,
No. OF psi	 psi % %
1 -423 350,500	 No Yield Fracture occurred
2 -423 306,500	 No Yield outside gage
3 -423 183,300	 No Yield
4 -320 294,700	 No Yield No ductility
5 -320 175,800	 No Yield No ductility
6 -320 144,300	 No Yield No ductility
7 70 222,300	 218,700 12.0 46.8
8 70 213, 100	 212,600 8.0 17.1
9 70 218,700	 216,600 12.0 44.0
10 300 193,600	 189,400 18.0 60.5
11 300 184,300	 182, 200 18.0 62.5
12 300 193,800	 186,200 16.0 54.0
V-Notch Properties
(Kt 8)
Test Test Temp, Ultimate Load,	 Ult. Stress	 Notch-to-Smooth
No. OF pounds	
- 
psi Tensile Ratio
13 -423 1,700	 68,600 0.24
14 -423 1,730	 70,700 0.25
15 -423 1,600	 64,000 0.23
16 -320 1,700	 72,300 0.35
17 -320 1; 700	 72,600 0.35
18 -320 2, 100	 88,000 0.43
19 70 5,700	 240,400 1.24
20 70 5,630	 236,700 1.08
21 70 5,760	 239, 600 1.10
22 300 6,200	 252,000 1.32
23 300 6, 100	 250,700 1.31
24 300 6,300	 250,300 1.31
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Test Test Temp,
No. ° F
25 -423
26 -423
27 -423
	
8	 -320
	
29	 -320
	
30	 -320
31 70
32 70
33 70
34 300
35 300
36 300
2.	 Double Shear -
TABLE LVII (continuer?)
Part No. EWB T20-4-38
1. Tensile (continued) -
Bolt Properties"
(As Received)
Ult. Load,	 Ult. Stress, Yield Load, Yield
pounds psi(1) pounds Stress, psi
4,070 111,900 No yield
5,850 160,800 No yield
5,900 162,200 No yield
5,500 151,200 No yield
5,400 148,500 No yield
4,950 136, 100 No yield
8,050 221,3 0ID 7,750 213,000
8,050 221,300 7,800 214,400
8,350 229,500 8,050 221,300
7,500 206,200 7, 150 196,500
7,750 213,000 7,400 203,400
7,750 213, 000 7,500 206,200
As Received
--
Test Test Temp, Ult. Load,	 Ult. Stress,
No. OF pounds psi(2)
37 -423 9,200 94,000
38 -423 11,600 118,500
39 -423 11,200 114,500
40 70 13,200 134,500
41 70 13, 300 135, 500
42 70 13, 200 134, 500
43 300 10,400 105,900
44 300 11,300 115, 100
45 300 11,300 115, 100
= Tested with nut slugs of the same material and heat treatment.
(1) Stress calculated at Tensile Stress Area of .03637 square inches.
(2) Stress calculated at twice nominal dia. area,	 .09817 square inches.
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TABLE LVII (contin-ied)
Part No. EWB T20-4-38
3. Stress Rupture* -
Test Test Temp, Load, Load Stress, Time,	 Location
No. OF ounds psi(1) Hrs.	 of Failure
46 300 7,620 210,000 Failed Loading
47 300 7,270 200,000 Failed Loading
48 300 6,900 190,000 188.0	 N. F.
4. Stress Relaxation @ 300°F
Initial Preload 160, 000 psi
Test	 Hours Residual Stress
No.	 Run pounds sib)
49	 1 5,520 151,700
10 5,520 151,700
50 5,420 149,000
50	 1 5,450 150,000
10 5,420 149,000
50 5,350 147,100
5. Coefficient of Thermal Expansion
Coefficient of thermal expansion data is not available at the present time.
-Tested with nut slugs of the same material and heat treatment.
(1) Stress calculated at Tensile Stress Area of . 03637 square inches.
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TABLE LVIII
MECHANICAL PROPERTIES
Part No. EWB 1615-4-38 Material-U-212 (180 ksi)
Size 1/4-28 x 2. 860
1. Tensile -	 Base Material Properties
(As Received)
.113 Specimens
Elong.
Test Test Temp, Ult. Stress, Yield Stress,	 Gage,	 .5 in.	 Red. of Ari
No. *F psi psi % 70
1 -423 280,000 191,000 24.0 41.0
2 -423 275,000 187,500 22.0 35.0
3 -423 274,000 168,500 24.0 40.0
4 70 190,000 151,000 18.0 40.3
5 70 192,500 149,000 18.0 40.3
6 70 195,900 153,000 18.0 35.4
7 1200 145,000 121,000 24.0 46.0
8 1200 148,400 123, 100 22.0 38.9
9 1200 146,000 122,500 20.0 42.0
V-Notch Properties
( Kt 8)
Test Test Temp, Ultimate Load,	 Ult. Stress Notch-to-Smoot
No. ° F pounds psi Tensile Ratio
10 -423 7, 120 299,500 1.07
11 -423 7, 180 309,500 1. 12
12 -423 7, Ia0 309,500 1. 12
13 70 5,830 246,400 1.28
14 70 5,740 245, 700 1.27
15 70 5,800 246,900 1.28
16 1200 4,500 190,700 1.30
17 1200 4,550 195,900 1.34
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TABLE LVIII (continued)
Part No. EWB 1615-4-38
1.	 Tensile (continued) -
Bolt Properties* (As Received)
Test Test Temp, Ult. Load, U1*_.	 Stress, Yield Load, Yield
No. OF pounds psi ( 1) pounds Stress, psi
18 -423 8, 140 233,800 6,500 178,700
19 -423 8,250 226,800 6,300 173,200
20 -423 8,200 225, 500 6,600 181,300
21 70 6,800 187,000 4, 800 132,000
22 70 6,900 189,700 5, 100 140,200
23 70 6,850 188,300 5, 150 141,600
24 1200 5,800 160,000 4,900 135,000
25 1200 5,700 157,000 5, 000 138,000
26 1200 5,600 154,000 5,000 138,0-0
2. Double Shear
As Received
Test Test Temp, Ult. Load, Ult. Stress,
No. OF pounds psi(L)
27 -423 16.500 168, 100
28 -423 16,300 166,000
29 -423 16,000 163,000
30 70 13,000 132,400
31 70 13,000 132,400
32 70 13,000 132,400
33 1200 8,900 90,700
34 1200 9,050 92, 200
35 1200 9,400 95,800
*Tested with nut slugs of the sarne material and heat trea.trnent.
(1) Stress calculated at Tensile Stress Area of .03637 square inches.
(2) Stress calculated at twice nominal dia. area, .09817 square inches.
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TABLE LVIII (continued)
Part No. EWB 1615-4-38
3. Stress Rupture* -
Test	 Test Temp, Load, Load Stress,	 Time, Location
No.	 OF pounds psi(l)	 _ Hr s. of Failure
36	 1200 4,910 135,000 1. 1 T
37	 1200 4,910 135,000 1. i T
38	 1200 4,546 125, 000 10.6 T
39	 1200 41546 125,000 39.3 T
40	 1200 4.546 125,000 55.4 T
4.	 Stress Relaxation @ 1200°F
Initial Preload 74, 000 psi
Test	 Hours Residual Stress
Poo.	 Run pounds psi(1)
41	 1 2,480 68,200
10 2,320 63,200
50 2, 100 57,700
42	 1 2, 350 64,600
10 2,200 60,500
50 1,850 50,900
5.	 Coefficient of Thej •mal Expansion - (3)
Temperature,. OF Inches/Inch/°F X 106
200 9. 1
400 9.3
600 9.4
800 9.55
1,000 9.8
1,200 10. 1
1,400 10.55
'Tested with nut slugs of the same material and heat treatment.
(1) Stress calculated at Tensile Stress Area of .03637 square inches.
(3) Souce:	 JED - General Electric Material Property Data Book
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TABLE LIX
MECHANICAL PROPERTIES
Fart No. EWB 22-4-34 Material • Inconel 718 (180 ksi)
Size 1/4-28 x 2. 625
1. Tensile -	 Base Material Properties
(A.; Received)
. 113 Specimens
Elong,
Test Test Temp, Ult. Stress, Yield Stress,	 Gage, .5 in.	 Red. of Area,
No. ° F psi psi %
1 -423 279,200 206,000 20.0 25.2
2 -423 278,000 205,000 20.0 31.0
3 -423 278,000 220,000 22.0 29.0
4 70 202,500 172,500 18.0 37.9
5 70 202,000 167,500 20.0 39.4
6 70 200,000 -- 18.0 39.3
7 1200 164,700 144,100 16.0 23.1
8 1200 162,700 137,200 26.0 43.2
9 1200 166,000 141,000 20.0 40.8
V-Notch Properties
(Kt 8)
Test Test Temp, Ultimate Load,	 Ult. Stress Notch-to-Smooth
No. OF pounds psi Tensile Ratio
10 -423 7, 100 297, 100 1.07
11 -423 7,000 299, 100 1.08
12 -423 6,940 296, 600 1.06
13 70 6,080 260,300 1.28
14 70 6, 150 263,900 1.30
15 70 6,070 261, 100 1.29
16 1200 5,125 218, 900 1.33
17 1200 5,050 215,000 1.31
18 1200 4,700 200,000 1.28
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TABLE LIX (continued)
Part No. EWB 22-4-34
1. T-nsile (continued) -
Bolt Properties* (As Received)
Te:;t Test Temp, Ult. Load, Ult. Stress, Yield Load, Yield
No_ OF pounds psi(1) pounds Stress,
19 -423 8,200 225,500 7,850 215,8
20 -423 8,260 227, 100 8, 100 222,7
21 -423 8,480 233,200 8,100 222, 7
22 70 7,200 198,000 5,860 160,8
23 70 7,280 200,200 6, 3Z5 1732.9
24 70 7, 130 196,000 6, 500 178,7
L5 1200 6, 90C 189,700 5,875 161.5
26 1200 7,000 192,400 5,900 162, 2
27 1200 7,000 192,400 5,950 163.5
. 2. Double Shear -
As Received
Test Test Temp,
No. OF
28 -423 
29 -423
30 -423
31 70
32 70
33 70
34	 1200	 110,400
35	 1200	 10,450
36	 1200	 10,300
Ult. Stress,
Psi(2)
169, 100
173,200
147,700
137,500
138,500
138,500
105,900
106,400
104,900
Ult. Load,
pounds
16,600
17,000
14,500
13,500
13,600
13,600
*Tes*ed with nut slugs of the same material -ind heat treatment.
(1) Stress calculated at Tensile Stress Area of .0;637 square inches.
(2) Stress calculated at twice nominal dia. area, .09817 square inches.
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TABLE LIX (continued)
_ art No. EWB 22-4-34
3. Stress Rupture--= -
Test	 Test Temp,
e TNo .
37	 1200
38	 1200
39	 1200
40	 1200
41
	 1200
Load,
pounds
4,910
5, 274
5,455
5,455
5,455
Load Stress,
Psi(')
135,000
145,000
150,000
150,000
150,000
Time,
Hrs.
66.3
25.0
10.1
16.4
15.8
Location
T
T
T
T
T
4. Stress Relaxation @ 1200°F
Initial Preload q9: 000 psi
Test	 Hours Residual Stress
,40.	 OF pounds psi(l)
42	 1.0 3,200 88,000
10.0 3,000 82,500
50.0 2,400 66,000
43	 1.0 3,100 85,200
10.0 2,550 70,100
50.0 2,10C 57,700
5.	 Coefficient of Thermal Expansion - (3)
Temperature, OF Inches/Inch /° F X 106
200 7.3
40C 7. 6
600 7.8
800 8.0
1,000 8.2
1,200 8.55
1,400 9.2
1,600 9.65
Tested with nut slugs of the same material and heat treatment.
(1) Stress calculated at Tensile Stress Area of .03637 square inches.
(2) Source: JED General Electric Material Property Data Book.
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TABLE LX
MECHANICAL PROPERTIES
Part No. EWB 926-4-28 Material Vasco Max 300 (260 ksi)
Size 1/4-28
1.	 Tensile - Base Material Properties
(As Received)
.113 Specimens
Elong.
Test Test Temp, Ult. Stress,	 Yield Stress,	 Gage, .5 :n.	 Red. of A:
No. OF psi	 psi %
I -423 400,000	 363, 000 8.0 35.8
2 -423 425,000	 392, 000 7.0 30. 5
3 -423 396,500	 364,000 7.0 34.0
4 70 283, 700	 270,400 12.0 54.0
5 70 281, 300	 276,000 13.0 51.9
6 70 -283,500	 270,100 12.0 53.1
7 900 199,000	 192, 700 13.0 62.5
8 900 190, 100	 184,400 13.0 62.5
9 900 193,400	 188,700 12. 0 58.5
V-Notch Properties
(Kt 8)
Test Test Temp, Ultimate Load,	 Ult. Stress Notch-to-Smoc
No. OF pounds	 psi Tensile Rats
10 -423 6,000	 256,400 0.63
11 -423 5,950	 255, 400 0.63
12 -423 6,950	 297, 000 0.73
13 70 9,230	 387, 800 1,37
14 70 8,700	 375,000 1.33
15 70 8,900	 378,700 1.34
16 900 6,925	 291,000 1.48
17 900 6,825	 292, 900 1.49
18 900 6,900	 296, 100 1.50
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TABLE LX (continued)
Part No. EWB 926-4-28
1. Tensile (continued) -
Bolt Properties* (As Received)
Test Test Temp, Ult. Load, Ult. Stress, Yield Load, Yield
No. °F pounds psi(1) pounds Stress, psi
19 -423 13,200 326,700 11,375 281, G00
20 -423 14,800 366,300 14.000 346,500
"L1 -423 14,300 354,000 13,750 340,300
22 70 11,000 272, 300 9,750 241,300
23 70 11,400 282,200 10,200 252,500
24 70 11,350 280, 900 10,000 247,500
25 900 7,800 193, 100 7,300 180,700
26 900 7,500 185,600 6,975 172,600
27 900 7,400 183, 200 7, 100 175,700
2. Double Shear -
As Received
Test Test Temp, Ult. Load, Ult. Stress,
No. °F pounds psi(2)
28 -423 14,000 142,600
29 -423 12,500 127,300
30 -423 15,000 152,800
31 70 16,400 167, 100
32 70 16,500 168, 100
33 70 16,400 167, 100
34 900 11,400 116, 100
35 900 11,000 112, 100
36 900 11,200 114, 100
'Nested with nut slugs of the same material and heat treatment.
(1) Stress calculated at Basic Fitch Diu Area of .0404 square incises.
(2) Stress calculated at twice nominal dia. area, .09817 square inches.
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Load Stress,
psi(1)
170,000
170,000
170,000
175,000
175,000
Time,
Hr s.
Location
of Failure
31.3 T
22.8 T
17. 7 T
6. 1 T
4.7 T
TABLE LX (continued)
Part No. EWB 926-4-28
3. Stress Rupture* -
Test Test Temp, Load,
No. *F pounds
37 900 6,928
38 900 6,928
39 900 6,928
40 900 7,070
41 900 7,070
4.	 Stress Relaxation @ 900° F
Initial Preload 101, 500 psi
Test	 Hours Residual Stress
No.	 Run pounds psi (1)
42	 1.0 3,300 81,700
10.0 2,400 59,400
50.0 1,535 38,000
43	 1.0 3,200 79,200
10.0 2,300 56,900
50.0 1,500 37, 100
5.	 Coefficient of Thermal Expansion
-
- (3)
Temperature, n F Inches /Inch/° F X 106
70 - 900 5.6
=Tested with nut slugs of the same material and heat treatment.
(1) Stress calculated at Tensile Stress Area of .0404 square inches.
(3) Aerospace Structural Metals Handbook.
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Elong.
Ult. Stress,	 Yield Stress,	 Gage, .5 in.	 Red. of Area,
psi psi
312,000 242,500 16.0 28.0
3 1-6,000 255, 000 20.0 29.5
318,600 281,000 14.0 31.0
227,900 207,000 8.0 21.5
226,000 202,000 12.0 28.0
230,500 202,000 10.0 24.0
154,500 152,000 6.o 12.0
167,000 163,400 6.o 9.0
164,700 152, 600 8.0 9.0
V-Notch Properties
(Kt 8)
Ultimate Load,	 Ult. Stress Notch-to-Smooth
pounds psi Tensile Ratio
8, 150 340,000 1.08
8, 180 350,000 1. 11
7,850 337,000 1.07
7, 160 308,000 1.35
7, 170 304,000 1.33
7,260 312,000 1.37
3, 875 164,500 1.02
3,500 150,000 0.93
3,450 148, 000 0.91
Test Test Temp,
No.	 OF
I	 -423
	
2	 -423
	
3	 -423
	
4	 70
	
5
	
70
	
6
	
70
	
7
	 1400
	
8	 1400
	
9
	 1400
Test	 Test  Temp,
No.	 OF
10	
-423
11	 -423
12	 -423
13
	 70
14
	 70
15
	 70
16
	
1400
17
	 1400
18	 1400
TABLE LXI
MECHANICAL PROPERTIES
Part No. Stud - Material - Waspaloy (220 ksi)
Size 1/4-28
1. Tensile -	 Base Material Properties
(As Received)
. 113 Specimens
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As Received
Ult. Load, Ult. Stress,
pounds psi(2)
17,000 174,000
16,600 169,000
17,100 174,500
12,500 127,300
12,500 127, 300
10,250 104,400
9 - 125 93,000
9, 500 96,800
Test Test Temp,
No.	 OF
28	 -423
29	 -423
30	 -423
31	 70
32	 70
33	 1400
34	 1400
35	 1400
TABLE LXI (continued)
Part No. Stud Waspaloy (220 ksi)
1.	 Tensile (continued) -
Bolt Properties' (As Received)
Test Test Temp, Ult. Load, Ult. Stress, Yield Load, Yield
No. OF pounds psi(1) pounds Stress, ps
19 -423 11,200 307,900 8,900 244,700
20 -423 11,070 304,400 8,750 240,600
21 -423 11,400 313,-,.00 9,000 247,500
22 70 8,800 242,000 6,475 178,000
23 70 8,600 236,500 6,380 175,400
24 70 8,900 244,700 6,500 178,700
25 1400 6,750 185,600 5,875 161,500
26 1400 6, 100 167,700 5,250 144,400
2.7 1400 6,275 172,000 5,625 155,000
2. Double Shear -
*Tested wit« nut slugs of the same material and heat treatment.
(1) Stress calculated at Tensile Stress Area of .03637 square inches.
(2) Stress calculated at twice nominal dia. area, .09817 square inches.
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TABLE LXI (continued)
Part No. Stud Waspaloy (220 ksi)
3. Stress Rupture -
Test Test Temp, Load,
No. OF pounds
36 1400 2,909
37 1400 2,545
38 1400 2,340
39 1400 2,340
40 1400 2,340
4. Stre s s Relaxation Qa 1400° F
Initial Preload 108, 300
Load Stress, Time, Location
psi( 1 ) Hrs. of Failure
80,000 0.7 T
70,000 5. 2 T
65, 000 51.7 T
65,000 85.8 T
65,000 35.9 T
Test	 Hours Residual Stress
No.	 Run pounds_	 psi
41	 1.0 2,360
	
64,900
10.0 1,900	 52, 200
50.0 1,Z50	 34,400
5.	 Coefficient of Thermal Expansion - (3)
Temperature, O F Inches /Inch/* FX 10 6
200 6.8
400 7.1
600 7.3
800 7.5
1,000 7.7
1,200 8.0
1,400 8.5
1,500 8.8
(3) Source - JED- General Electric Material Property Data Book
(1) Stress ca1zulated at Tensile Stress Area of .03637 square inches:
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